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REPORT OF THE DIRECTOR.
WM. P. BROOKS.
ADMINISTRATION.
Station Staff.
Although some loss in experience and efficiency has been
occasioned during the past year by changes in staff due to
resignations, usually to accept positions offering better salaries,
these have affected only assistantships, and the year has, on
the whole, been marked by progress. No major positions have
been vacated, and Dr. George E. Stone, research plant physi-
ologist, who had been obliged to take leave of absence on
account of ill health, was able to take up investigational work
again in October. He is not to resume administrative charge
of the department of botany.
The staff has been materially strengthened by additions and
transfers, the new men in a number of instances having under-
taken altogether new lines of investigation. The nature of the
changes which have taken place is shown by the following
statement: —
Resignations.
Walter S. Frost, B.Sc, Assistant Chemist.
Norman H. Borden, B.Sc, Assistant Chemist.
Grace E. Gallond, Stenographer, Administration Department.
R. E. McLain, Observer.
Appointments.
Robert L. Coffin, Assistant, Agricultural Department.
Beryl H. Paige, A.B., Assistant Animal Pathologist, Veterinary Depart-
ment.
Arnold P. Sturteyant, A.B., Assistant Animal Pathologist, Veterinary
Department.
Norman H. Borden, Assistant Chemist.
Charles W. Davis, Assistant Chemist.
R. P. Armstrong, M.Sc, Graduate Assistant, Pomology Department.
Donald White, B.A., Graduate Assistant, Poultry Husbandry Department.
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S. C. Vinal, B.Sc, Graduate Assistant, Entomology Department.
E. G. Hood, B.Sc, Industrial Graduate Assistant, Microbiology Depart-
ment.
W. T. Payne, B.Sc, Industrial Graduate Assistant, Microbiology Depart-
ment.
Marcella C. Curry, B.Sc, Clerk, Poultry Husbandry Department.
F. Ethel Felton, A.B., Clerk, Administration Department.
David Potter, Observer.
From Instructional Staff for Part-time Duty.
F. H. Van Suchtelen, Ph.D., Research Microbiologist.
G. E. Gage, Ph.D., Research Pathologist.
H. F. Tompson, B.Sc, Market Gardener.
Gladys E. Russell, A.B., Clerk, Horticultural Department.
Leaves of Absence.
R. W. Ruprecht, M.Sc, Assistant Chemist, granted leave of absence
without pay from Oct. 1, 1915, to June 30, 1916, for the purpose of
pursuing advanced study at Cornell University.
J. B. Lindsey, Ph.D., Vice-Director, Chemist, allowed an extra month
vacation with pay.
Bridie E. O'Donnell, Clerk, Entomology Department, granted one month
leave of absence, without pay, on account of ill health. Her place was
taken by Miss Mary Field from July 5 to September 4.
Maintenance.
There has been no change during the past year in the sources
of revenue supporting the various lines of work of the experi-
ment station. The appropriation for general expenses from the
State, in accordance with the provisions of the Acts of 1912,
has been S5,000 greater than in the previous fiscal year. There
has been a large increase in the receipts from the sales of fruit
from the Graves' orchard. On the other hand, there has been
a falling off of practically S1,000 in the receipts from analysis
fees under the fertilizer law. This falling off has undoubtedly
been due to the abnormal conditions created by the European
war. These conditions have resulted in an embargo on ex-
portation of potash from Germany. As there is at present no
other adequate source of supply the result has been a con-
siderable reduction in the number of brands of fertilizers offered
in our markets.
The total revenues are shown in the following table: —
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Total Revenue for the Fiscal Year, Dec. 1, 1914, to Nov. 30, 1915.
State appropriation, S25,000 00
Federal appropriations : —
Hatch fund, 15,000 00
Adams fund, 15,000 00
Agricultural department, sales and labor, 2,365 01
Chemical department, analytical work, cow testing, etc., . 10,690 39
Miscellaneous receipts from various departments, . . . 226 68
Fertilizer law, analysis fees, 10,096 00
Feed law. State appropriation, 6,000 00
Cranberry substation : —
Sale of fruit, 2,286 49
Meteorological observations, etc., 141 67
Miscellaneous, 8 85
Graves' orchard: —
•
Sale of fruit, 1,043 59
Total, SS7,S5S 68
The aggregate total revenue exceeds the aggregate for the
last year to the amount of S5,432.75. The total required in the
execution of the feed and fertilizer laws amounted to $15,384.79.
These expenditures in detail are shown in subsequent pages.
The total current revenue available for general administration
and investigation, therefore, amounted to S72,473.S9.
The treasurer's report in full will be found on pages 35a and
36a.
Fertilizer Law Account, Dec. 1, 1914, to Nov. 30, 1915.
Balance Dec. 1, 1914, $2,853 70
Fertilizer analysis fees, 10,096 00
Total, • §12,949 70
Ex'penditures.
Salaries : —
Chemical, .... $5,827 92
Clerical, 450 00
$6,277 92
Labor : —
Miscellaneous,
. . . SI20 00
Janitor, 201 98
321 98
Chemicals and apparatus, 600 98
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Collection expenses: —
Inspectors' salaries, . . $621 00
Inspectors' traveling expenses, 536 76
Office supplies,
Laundry,
Gas,
Traveling expenses, miscellaneous
Library,
Repairs,
Miscellaneous,
Publication: —
Bulletin No. 2, . . . $706 58
Mailing, 14 20
Fertilizer experiments: —
Labor and materials, . $470 00
Rent of land, .... 25 00
Total,
[,157 76
189 70
14 30
92 63
36 80
2 00
8 88
128 28
720 78
495 00
$10,047 01
Balance Dec. 1, 1915, $2,902 69
Feed Control Account, Dec. 1, 1914, to Nov. 30, 1915.
Balance Dec. 1, 1914,
Appropriation,
Total,
$1,018 14
6,000 00
$7,018 14
Expenditures.
Collection expenses : —
Inspector's time, . . . $255 00
Inspector's traveling expenses, 417 76
Salaries, chemical and clerical.
Labor, janitor.
Gas,
Laboratory apparatus, .
Chemicals, ....
Office supplies.
Traveling expenses, miscellaneous
Repairs,
Sundries,
Library,
Publication : —
Bulletin No. 3,
Total,
Balance Dec. 1, 1915,
$672 76
3,625 42
114 43
35 25
39 47
155 35
32 44
48 24
22 27
61 77
10 00
520 38
5,337 78
$1,680 36
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Publication.
There has been no change during the past year in the general
poHey affecting publication. The change in plan of printing
described in the twenty-seventh annual report continues to
prove highly satisfactory. It has resulted in an important
reduction in expenditure, and it has made possible a much
more prompt and satisfactory distribution of the papers issued.
The following list includes both the pubHcations of the past
year and a few earlier issues not previously mentioned in
reports : —
Annual Report.
Twenty-seventh annual report : —
Part I. Report of the Director and Other Officers; 69 pages.
Part II. Detailed Report of the Experiment Station; 167 pages;
being bulletins Nos. 156-162, as follows: —
No. 156. Electrical Injuries to Trees, by G. E. Stone; 24 pages.
No. 157. The Marguerite Fly or Chrysanthemum Leaf Miner, by M. T.
Smulyan; 36 pages.
No. 158. The Composition, Digestibility and Feeding Value of Molassine
Meal, Cottonseed Meal and Hulls, Cocoa Shells, Grain
Screenings, Flax Shives, Mellen's Food Refuse, and Postum
Cereal Residue (CXX Feed), by J. B. Lindsey and P. H.
Smith; 24 pages.
No. 159. The Technical Description of Apples, by J. K. Shaw; 24 pages.
No. 160. Report of Cranberry Substation for 1914, by H. J. Franklin;
32 pages.
No. 161. The Effect on a Crop of Clover of liming the Soil, by F. W.
Morse; Toxic Effect of Iron and Aluminum Salts on Clover
Seedhngs, by R. W. Ruprecht; 16 pages.
No. 162. Phosphates in Massachusetts Agriculture: Importance, Selec-
tion and Use, by Wm. P. Brooks; 44 pages.
Combined Contents and Index, Parts I. and II.; 12 pages.
Bulletins.
No. 163. Bacillary White Diarrhea {Bacterium Pullorum Infection) in
Young Chicks in Massachusetts, by G. Edward Gage and
Beryl H. Paige; 48 pages.
No. 164. I. Substitutes for Milk in the Rearing of Dairy Calves. 11.
The Cost of rearing a Dairy Cow, by J. B. Lindsey; 23 pages.
No. 165. The Effect of Sulfate of Ammonia on Soil, by R. W. Ruprecht
and F. W. Morse; 19 pages.
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No. 166. Improved Methods for Fat Analysis, by E. B. Holland, J. C.
Reed and J. B. Buckley, Jr.; 48 pages.
No. 167. I. The Relation of Hydrogen Ion Concentration of Media to
the Proteolytic Activity of Bacillus Subtilis. II. Proteolj-sis
of Streptococcus Erysipelatis and Streptococcus Lacticus under
Different Hydrogen Ion Concentration, by Arao Itano; 47
pages.
Control Series Bulletin No. 3. Inspection of Commei^cial Feedstuffs, by
P. H. Smith and C. L. Beals; 70 pages.
Control Series Bulletin No. 4. Inspection of Commercial Fertilizers, by
H. D. Haskins, L. S. Walker, C. P. Jones and W. S. Frost;
100 pages.
Circulars.
No. 48. Beet Residues for Farm Stock, bj^ J. B. Lindsey; 8 pages.
No. 49. Cabbage, Cauliflower, Turnip, Rape and Other Crucifers, by
Wm. P. Brooks; 4 pages.
No. 50. Rations for Dairy Stock, by J. B. Lindsey; 8 pages.
No. 51. Downy Mildew of Cucumbers, by G. E. Stone; 2 pages.
No. 52. The Control of Onion Smut, by G. E. Stone; 4 pages.-
No. 53. Lime and Sulfur Solutions, by G. E. Stone; 2 pages.
No. 54. Poultry Manures, their Treatment and Use, by Wm. P. Brooks;
4 pages.
No. 55. Green Manuring and Cover Crops, by Wm. P. Brooks; 6 pages.
No. 56. Campaign to eUminate Bacillary White Diarrhea, by Wm. P.
Brooks and E. D. Waid; 1 page.
No. 57. Rules relative to testing Dairy Cows, by P. H. Smith; 4 pages.
No. 58. The FeecUng Value of Apple Pomace, by J. B. Lindsey; 4 pages.
Meteorological Reports.
Twelve numbers, 4 pages each.
The total number of copies of general reports and bulletins
issued during the last fiscal year was 95,100. In addition,
5,400 meteorological bulletins were printed and 19,000 copies of
circulars, making a grand total of 119,500 copies of publications
issued during the year.
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Mailing Lists.
The mailing lists which we maintain and the numbers in the
several lists are shown in the following table: —
Residents of Massachusetts (general), 12,237
Residents of other States (general), 953
Residents of other States (general and technical), .... 1,333
Exchange, 212
Beekeepers, 4,147
Newspapers, 507
Cranberry, 1,602
Meteorological, 393
Feed, 671
Fertilizer, 54
Greenhouse vegetable growers, 1,850
Onion growers, 107 .
Massachusetts florists, 1,100
Miscellaneous special lists, 107
Massachusetts libraries, 187
Out of State hbraries, 212
United States Department of Agriculture, official list, ^. . . 3,627
Total, 29,2992
During the year there has been a total increase of 967 ad-
dresses, — about 3 per cent.
The Needs of the Station.
Particular attention was called in my last annual report to
three pressing needs: additional land, provision for work in
more direct and closer touch with the market-garden interests
or the State, and an appropriation for experimental demonstra-
tions in various localities.
Additional Land. — The first need has been in part met by
the lease for a term of seven years, with the option of purchase
any time before the end of that period, of a farm containing
rather over seventy acres, about half of which is improved
land and the balance unimproved pasture. This farm, though
1 Publications are not as a rule sent to all on this list, but only to directors, libraries and
specialists likely to be interested.
2 Of this total, under different lists are included 261 foreign addresses.
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not contiguous to the areas now used in our station work, is
sufficiently near to be fairly accessible, and while it exhibits
considerable variation in topography and character of soil, it is
very typical of Massachusetts conditions and possesses several
tracts sufficiently uniform to permit of subdivision into plots
which will be fairly adapted to our needs. The unimproved
pasture will afford opportunity for needed investigation in
methods of pasture treatment and improvement.
The option on this property should most certainly be closed,
both because the land which it covers is the best suited to our
needs of anything within reasonable distance which can be pur-
chased, and because at the same time it is offered to the State
at a figure which is not above its value in |:he open market.
For the purpose especially of accommodating growing stock
needed in our experimental work with poultry we should have
another tract of land at the earliest possible date. Looking
forward to the not distant future it is clearly apparent that in
the work of the poultry department some fifty to sixty acres
will be needed. The reasons why it is, practically speaking,
impossible to raise healthy stock in large numbers upon the
limited area at present available were stated in my last report
and it is unnecessary to repeat. It was found necessary last
season to lease a few acres of land to meet the most pressing
need, and the rent paid on the best terms that could be ob-
tained was far higher than w^e should be justified in continuing
permanently to pay. The need of the poultry department for
more land should certainly be provided for in the near future.
The Market-gardening Interests. — Fuller provision for ex-
periments in the direct interests of the market gardeners of the
State was urged in my last annual report. The position taken
was that the employment of a man thoroughly familiar with
the industry and its requirements, a good observer, one quick
to detect abnormal crop conditions, and competent, at least in
case of many of the more common partial or complete crop
failures, to determine the causes, who should refer to the scien-
tific staff in the home laboratories such matters and materials
as needed scientific investigation, would fairly meet the most
pressing needs.
It has been made possible during the past year to meet this
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need in part through the co-operation of the Boston Market
Gardeners' Association, the United States Department of Agri-
culture, the Massachusetts Agricultural College and the Experi-
ment Station, which together provide the funds necessary to pay
the salary of Mr. H. F. Tompson, in whose thorough compe-
tence the work he has already done justifies the fullest con-
fidence. Mr. Tompson spends a large share of his time among
the growers in the Boston market-garden district. His activi-
ties thus far are more largely of the nature of extension than
experiment, but his close touch with the market-garden in-
dustry has enabled him to indicate lines of investigation which
seem to me most greatly needed, and one of these, through the
assignment thereto of a promising graduate student who has
been given an assistantship, has already been taken up.
Another result of Mr. Tompson's work with and for the
market gardeners has been that their interest and belief in the
possibilities of scientific investigation and practical experiment
have been greatly stimulated. As a result the Boston Market
Gardeners' Association has presented to the Legislature now in
session a petition for the enactment of a bill providing, first, an
appropriation of S20,000 for the purchase of land, the erection
of buildings and the equipment of a market-garden experiment
station, to be under the management and control of the trustees
of the Massachusetts Agricultural College; and second, an
annual appropriation of $10,000 for the support of such a
station. The enactment of this bill would give m.eans for the
acquirement and support of a plant which should soon abun-
dantly demonstrate the wisdom of the legislation asked for.
The funds provided for the annual support should prove for the
present fairly adequate to support both the experimental and
demonstrational work at the market-garden station itself, and
also the related scientific investigation of problems affecting the
market-garden industry carried on in the central experiment
station laboratories.
Experimental Demonstrations. — No direct provision for the
support of these has yet been made, but the enactment of the
bill establishing a market-garden station would go a long ways
towards satisfying the need in a very important branch of our
agriculture, for the bill provides for demonstration as well as
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for investigation, and the establishment of the station in a
central and easily accessible location in the principal market-
garden section of the State would bring its work within easy
reach of the busy, practical man engaged in the industry, and
this as well as trial under varied local conditions is one of the
important objects in experimental demonstration.
Further, the rapid organization of the county leagues and
the adoption in these leagues of a carefully considered plan for
demonstrations under the supervision of the county agents, who
work in close touch with the college and station, will also help.
While, therefore, the line of work under consideration might
undoubtedly be considerably extended with profitable results,
it is perhaps the part of wisdom to allow opportunity for the
fuller development of the two movements referred to before
asking direct support of local experimental demonstrations.
Tobacco Groivers' Problems. — The area of land in Massa-
chusetts suited to the production of wrapper leaf tobacco is
relatively small. The industry under normal conditions has
been among the most profitable agricultural specialties in the
State. Accordingly there has been a marked tendency to prac-
tice continuous culture upon the best tobacco soils. In many
cases, though by no means invariably, the crops on such soils
have been growing less and less satisfactory for a considerable
number of years, until in extreme cases the crop is a practical
failure. There has been for some years a growing feeling among
tobacco growers that the station should carry on more experi-
mental work with a view to helping solve their many problems.
We have, it is true, had one of our most competent research
men devote the greater part of his time for four or five years to
the study of mosaic, which at the time the work was begun
seemed to be the most serious disease affecting tobacco; our
chemists have studied the composition of a large number of
tobacco soils with a view to determining whether the condition
known as "tobacco sickness" could be connected with the
systems followed in the use of manures and fertilizers; and we
have carried on a considerable number of other lines of experi-
ment. Although we believe we have thrown some light upon
it, we have not, however, solved the problem of greatest in-
terest to growers, namely, how to correct or to prevent "to-
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bacco sickness," how to grow tobacco crops satisfactorily both
as to yield and quality, if not continuously at least a large pro-
portion of the time, upon the same land.
The crop failures during the past year were more numerous
and more disastrous than ever before, and although it is gener-
ally believed that the abnormal weather conditions were in
controlling measure responsible for them in most cases, the
situation has led tobacco growers to appeal to us for assistance
to a degree never before experienced. Several Vvidely signed
petitions urging more investigation in the interest of tobacco
growing have been received, and the growers on their own
initiative have appealed to the Legislature for a special appro-
priation of S2,000 to the station in order that such investigations
may be more extensively carried on. The importance of the
industry and the seriousness of the situation now confronting
it fully warrant such an appropriation, for without encroaching
upon funds needed to carry on other and important lines of
investigation already undertaken, there can be no great in-
crease in the attention devoted to tobacco work until we have
increased financial support.
Work for Private Individuals.
For a full statement of the policy of the station in regard to
private work for individuals, the reader is referred to the
twenty-sixth annual report. Attention, however, is once more
called to the fact that the experiment station is organized and
supported for work in the interest of the public. It is contrary
to its policy to undertake work for individuals which has neither
a general nor a public interest, and if such work seems for any
special reason to be desirable, the station will undertake it only
if its right to publish and discuss results be fully conceded.
The station will not under any circumstances accept commercial
work in the sole interest of the party applying for the same.
An apparent exception is the sanitary analysis of drinking
waters, for which there is a uniform charge of .S3. This charge
is made not with a view to recovering the cost of such analysis
(it is hardly one-third the amount which a commercial chemist
usually charges), but rather as a restraining influence. It seems
to be necessary, in order to prevent the indiscriminate forward-
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ing of samples in such numbers as to constitute a serious burden,
and in many cases under conditions not indicating the need of
examination. The station determines fat and total solids in
milk and cream and the lime requirement of soils without
charge. It does the former in the interest of improvement in
the quality of our dairy stock and improved dairy practice;
the latter in the belief that a more general judicious use of
lime will constitute a basis for much more satisfactory returns
with most of our farm and garden crops.
CONTROL WORK.
The laws relative to control work affecting fertilizers, feeds
and dairy apparatus have been executed as usual the past year.
No feature of the work appears to call for special comment.
The number of brands of commercial fertilizer offered for sale
in the State during the past year was considerably less than in
1914. The number of samples taken and the amount of analyti-
cal work were about the same. Previous to 1915 there had been
a well-defined tendency to increase the number of brands of
fertilizers offered in our markets. The change referred to is a
direct consequence of the conditions affecting the fertilizer
market created by the European war. Potash salts have been
obtainable only at prices practically prohibitive. The importa-
tion of basic slag meal has entirely ceased, while the prices of
fertilizer materials in general have advanced sharply. The per-
centage of potash in nearly all standard brands of fertilizer has
been greatly reduced by their manufacturers. Attention is
once more called to the fact that the station has no authority
in this matter. It is charged simply with the duty of taking
such a number of samples and making so many analyses as will
determine whether the goods offered by manufacturers contain
substantially the quantities of the several plant food elements
guaranteed.
In the case of commercial feeds, the tendency which has been
apparent for some years to gradual increase in the number of
brands of feeds offered for sale in our markets has continued.
The number sampled last year was no less than 1,100. Cer-
tainly every feeder should be able to find something that meets
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his needs unless, indeed, the bewildering number so confuses
him that he finds it difficult to make up his mind. Since, con-
nected with the sale of most of these brands, there must be a
certain amount of advertising, in most cases a certain number
of traveling salesmen, and always a more or less expensive com-
petition between the makers of the different kinds, the tend-
ency under discussion is to be regretted, for the multiplication
of brands must on the whole tend to an increase in the cost of
feeds, since the buyer must ultimately pay all the costs.
The following table will be of interest: —
Number of Official Samples.
Year.
1909,
1910,
1911,
1912,
1913,
1914,
1915,
Fertilizers.
Brands.
458
4S7
519
527
571
606
513
Samples.
1,052
890
1,063
1,180
1,299
1,307
1,322
Feeds.
Brands.
196
195
204
194
227
1,002
1,100
Samples.
895
946
1,055
902
1,115
924
1,043
LINES OF INVESTIGATION.
Such changes as have occurred in lines of investigation in
progress during the past year have been in the main incidental
to the gradual increase in the scope and amount of the work in
progress. Most of the old lines, in many cases, however, with
modifications suggested by the progress of the investigation, are
continued. The new lines of investigation begun during the
past year are as follows: —
Adams Fund Projects.
Effect of Sulfate and Muriate of Potash on Soils of Fields A and B.
Lime Absorption and Acidity of Field A.
Investigation as to the Causation and Control of a Disease of Bees known
as European Foul Brood.
Methods of Diagnosis of Bacillary White Diarrhea.
Broodiness in Poultry.
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General Projects.
Microbiological Investigations in Milk.
Microbiological Investigations in Soils.
Experiments to determine Both the Mode of Inheritance of Various
Characters of Poultry and a Study of Other Factors governing Form
and Fimction, those at present being studied being Egg Production,
Hatchability of Eggs, Plumage Color, Comb Form, Booting, Certain
Growth Characteristics and Secondary Sexual Characters.
Effect of Liming Soil on Assimilation of Nitrogen by Crops.
The Local Balance of Trade in Farm Products.
Study of Agricultural Insurance in Massachusetts.
Methods and Costs of Distribution of Tobacco, Onions and Potatoes.
One new line of investigation has been begun during the past
year which deserves special mention, namely, the testing of
dairy machinery and apparatus with a view to determining its
merits as judged by the strictest scientific tests at the expense
of the manufacturers. This type of work has not yet been
adopted as a general policy but is under trial with the De Laval
Separator Company. This company meets all expenditures
connected with this work. The details are looked after by
graduate students who are classified as industrial graduate
assistants. Three such assistants are now giving one-half their
time to this investigation which, so far as can now be judged,
promises to prove eminently satisfactory, not only to the De
Laval Company but to the college and station as well, since
the company freely grants to the station the privilege of perfect
liberty in investigation and absolutely unbiased scientific dis-
cussion and publication.
THE ASPARAGUS SUBSTATION, CONCORD.
The work in the asparagus substation during the past year
has been conducted along the same lines as heretofore. The
breeding work has been in local charge of Prof. J. B. Norton,
who has looked after it ever since it was begun in 1906. Mr.
Norton's work has been characterized by great enthusiasm, in-
defatigable industry and a high degree of originality and skill.
It is our belief that he has produced a number of strains of
asparagus possessing at the same time excellent commercial
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characteristics and in very high degree the capacity to resist
attacks of rust. Roots and seed of some of these strains of
rust-resistant asparagus have been produced in sufficient quan-
tity to allow a considerable distribution in the spring of 1915.
The experiment station placed in the hands of 99 different
individuals either roots or seed, or both, as follows: 68 lots of
roots of 50 each, and 217 ounce packets of seed. The individu-
als sharing in this distribution agreed to make careful observa-
tions and to report results. It is, of course, as yet too early to
have thoroughly tested the new stock, but reports were called
for at the end of the last season, and these, in general, are very
favorable. Unfortunately, 1915, as regards testing capacity to
resist rust, was not in most localities characterized by general
and virulent attacks, but a considerable number of the parties
testing the new stock reported it less affected by rust than
other varieties under cultivation. There will be an additional
supply of roots and seed for distribution next spring, and within
a few years it will be possible to apcumulate data which will
show clearly whether the new varieties will prove permanently
and generally valuable.
The details of the work connected with the investigation as
to the plant food requirements of the crop have been looked
after by Mr. C. W. Prescott with his usual faithful attention.
The total yield of the plots during 1915 was not quite as great
as in the previous year. The average per acre, however, was
at the rate of 7,314 pounds, while the yield of the best plot was
at the rate of 8,679 pounds per acre. Six plots (l^o acre each)
gave a yield at rates exceeding 8,000 pounds per acre. There
was relatively little rust in the asparagus districts in Concord
in 1915. The small reduction in yield as compared w^ith 1914
is easily accounted for by the excessive drought which prevailed
during the cutting season.
There has been little rust on asparagus of any kind in Con-
cord during the past three years. Conditions have been such
that the crop has indicated the full, normal effect of the differ-
ent fertilizers and fertilizer combinations used. Under such
weather conditions as have prevailed, and since the weather
conditions have not been to any considerable extent abnormal,
with the exception perhaps of the drought of 1915, it is believed
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that the crops obtained on the different plots must now afford
a pretty clear index to the relative values of the different ma-
terials and combinations applied. That this is the case is still
further indicated by the fact that the results during the past
three years in general have shown close agreement. It would
seem, therefore, that the main objects in view when the experi-
ment was planned have been realized, and for this reason
chiefly it has been decided to discontinue this branch of our
work in Concord. A similar line of experiments in progress in
Amherst will, however, be continued. A full account of the
experiments and a report on the results obtained both in the
field and in the investigations connected therewith in the chem-
ical laboratory will be published later as a bulletin. The follow-
ing brief account and summary of results and conclusions will
be of interest : ^
The fertilizer experiments were planned with a view to ob-
taining answers to certain definite questions. Among these
questions several of the most important relate to the use of
nitrate of soda. These questions are as follows:
1. What amount of nitrate of soda, if any, can profitably be
used in connection with a liberal application of fertilizers sup-
plying phosphoric acid and potash? The nitrate has been
applied in three different amounts in each of four different sets
of plots. These amounts are at the following rates per acre:
300, 450 and 600 pounds.
The results from year to year and in the different sets of
plots have not been strictly concordant. Nitrate of soda, how-
ever, has not failed in any combination to produce a large
increase in the crop. In a considerable number of instances,
the minimum application, 300 pounds per acre, has given as
large an increase as any larger quantity, but a study of the
yields and of the conditions affecting all plots leads me to the
conclusion that on the light soils of the Concord asparagus
district nitrate of soda at the rate of 450 pounds per acre will
usually give a more profitable increase in the crop when used
in connection with materials supplying abundant potash and
phosphoric acid in available forms than any larger quantity.
2. What amount of nitrate of soda, if any, can profitably be
used in connection with a moderate application of manure?
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There are three sets of plots on which nitrate of soda at the
rates respectively of 300, 450 and 600 pounds per acre is used
in connection with manure at the rate of 20,000 pounds per
acre. In these trials nitrate of soda at the rate of 450 pounds
per acre has given the best yield in so many instances that it is
believed to be the maximum which can usually be profitably
used, although in a number of instances the yield on plots to
which nitrate had been applied at the rate of 600 pounds per
acre has been somewhat greater.
3. At what season does it appear to be best to apply nitrate
of soda when used in connection with fertilizers supplying
phosphoric acid and potash?
The methods of application under comparison are as fol-
lows : —
First. — All the nitrate is applied early in the spring when
the bed is first harrowed.
Second. — On other plots all of it is applied at the close of
the cutting season and cultivated in.
Third. — On the other set of plots one-half of the nitrate is
applied early in the spring and one-half at the close of the cut-
ting season.
The results do not indicate any clearly defined superiority for
either method of application, and in the case of the use of
nitrate with manure, where also the three methods of applica-
tion above mentioned were compared, the conclusion is the
same.
An effort has been made to determine whether application of
the whole or a part of the nitrate early in the spring increases
the proportion of the crop during the early part of the season.
This does not seem to have been the case where the nitrate is
used either with phosphate and potash or with the manure.
4. Another question on which we have sought to throw light
is: in what amount, if any, does acid phosphate when used in
connection with a liberal application of nitrate of soda and
muriate of potash prove useful?
In the effort to answer this question acid phosphate has been
employed at three different rates per acre: viz., 300, 450 and
600 pounds. The increases produced by acid phosphate are,
at best, relatively small, and the greatest increase has been
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obtained where it has been used at the rate of 450 pounds per
acre, which would seem, therefore, to be the maximum rate
which it would pay to use on this soil.
5. Still another question which we have sought to answer has
been: in what quantity, if any, can muriate of potash be used
with profit in connection with liberal applications of nitrate of
soda and acid phosphate?
In these experiments the muriate has been used in three
quantities, respectively, at the following rates per acre: 175,
262 and 350 pounds. Even with the smallest of these amounts
the increase produced has been large. The highest increase has
usually been obtained where the muriate of potash has been used
at the rate of 262 pounds per acre, which, therefore, would seem
to be sufficient on this soil to meet the maximum requirements
of the crop.
6. We have sought to determine which among the various
materials which may be used as a source of potash seems best
suited to the crop. The materials under comparison have been
muriate of potash, wood ashes, high-grade sulfate of potash,
low-grade sulfate of potash and kainit. These have all been
used at such rates as to furnish an equal amount of actual
potash per plot. The muriate of potash has given the highest
yields, followed closely by kainit. As the results in different
years have been in close agreement I think we are justified in
the conclusion that there is no form of potash superior to muri-
ate for the asparagus crop.
7. In connection with the various trials to which I have
referred we have also tested the results of the application of a
so-called "complete" fertilizer made up of nitrate of soda, acid
phosphate and muriate of potash, in connection with manure at
the rate of 20,000 pounds per acre. This so-called "complete"
fertilizer in connection with manure has not increased the crop
in any greater degree than has nitrate of soda when used alone;
and while during the past year the combination in which nitrate
was used at the rate of 600 pounds per acre has given a slightly
larger crop than the combination in which it was used at the rate
of 450 pounds, in each of the preceding three years the maxi-
mum was obtained with the smaller amount. I believe, there-
fore, we are justified in the conclusion that neither the acid
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phosphate nor the muriate of potash in connection with the
manure has been distinctly beneficial, and that in this combina-
tion, as when used alone in connection with manure, nitrate at
the rate of about 450 pounds per acre appears to be as large
an amount as it is profitable to use on the Concord soil.
8. General Conclusion. — Without exception, the combination
of chemicals used in these experiments has given as large annual
yields as the combination of manure at the rate of 20,000
pounds per acre and chemicals, a result which seems somewhat
surprising. The largest yield obtained on any plot during the
last few years has been on the one annually top-dressed in
early spring with chemicals at the following rates per acre : —
Nitrate of soda, 450
Acid phosphate, 450
Muriate of potash, . * 262
So far as this series of experiments goes, therefore, and it
should be remembered that it has continued nine years, we are
apparently justified in concluding that this application of chem-
icals fairly satisfies the requirements of the crop. It is un-
doubtedly important in this connection to recall the fact that
the land on which these experiments are located had not been
cultivated for a considerable number of years previous to its
selection for this work. In preparation for these experiments,
the land was cleared of brush and trees and plowed in the
spring of 1906. It then received an application of fertilizers at
the following rates per acre: —
Lime,
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winter rye. This was plowed under in the early spring of 1907,
when the asparagus was set.
It seems quite possible that the thorough preparation which
the land received and the fact that so large an amount of
vegetable matter was incorporated with the soil before the
plants were set account for the exceptionally favorable compara-
tive results from the application of commercial fertilizers alone.
9. Relation of the Fertilizer Treatment to Rust. — The fact
that there has been but little rust in the Concord asparagus
district during the past three years has undoubtedly consider-
ably reduced our chances for determining whether there has
been any direct effect upon the extent to which rust has af-
fected the crop which can be attributed to variation in fertilizer
treatment. The results of our study of this question, however,
which, as will be understood, must be a matter of judgment
based upon careful inspection, convince us that the location of
the different plots in relation to direction of prevailing winds
w^hich might carry rust spores from centers of infection outside
the experimental field has had much more to do with the extent
to which rust has affected plants in the different plots than
variation in fertilizer treatment. Most careful observations,
however, by two different observers working independently have
led to conclusions as to the relative amount of rust in different
plots which are in substantial agreement. These conclusions
may be thus stated: the application of nitrate of soda at the
close of the cutting season promotes a vigorous growth and
seems to increase the capacity of the foliage to resist rust; at
least, two observers have agreed that there is less rust on plots
to which nitrate of soda is applied at the time indicated. This
is true whether the nitrate is applied one-half in the early spring
and the balance at the close of the cutting season, or all at the
close of the cutting season.
While, therefore, for the reasons first pointed out, it has been
a matter of great difficulty to determine whether there has been
a connection between the amount of rust and the fertilizer
treatment, I am strongly inclined to believe that the applica-
tion of a moderate amount of nitrate of soda, perhaps 150 to
200 pounds per acre, at the close of the cutting season is likely
to reduce the amount of injury from this disease.
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THE CRANBERRY SUBSTATION, WAREHAM.
The general lines of work in the cranberry substation during
the past year have been similar to those previously in progress.
Experiments with different fertilizer materials and different fer-
tilizer combinations, the study of the life histories and habits of
insects and their relations to the crop, and methods of destroy-
ing those that are injurious, experiments in co-operation with
the United States Department of Agriculture in methods of
treatment for the prevention of disease, methods of frost pro-
tection, weather observations and frost warnings, a study of
methods of preparing the crop for market, and storage experi-
ments have been the main lines of work. Particular emphasis
has been placed this year on a study of the conditions and
methods of handling and storage as affecting keeping quality.
Results which seem likely to prove of great value have been
obtained, but it has been impossible to complete this work in
season for the inclusion of the usual bulletin giving the results
of the cranberry investigations in this report. The bulletin
covering the operations of the year 1915 will be included in the
report published in January, 1917. The bulletin as a separate,
however, will be distributed as soon as it can be published.
The cranberry crop on the station bog in 1915 was seriously
reduced by the ravages of the tip worm. The fruit, however,
was of good quality, the fruit worm did relatively little injury,
and the prices realized for the fruit were quite satisfactory. The
following tables show in detail both expenditures and returns.
The salary of Dr. Franklin is not included in the tables of ex-
penditures. These are divided in such a manner as to show
ordinary expenditures which would be involved in the manage-
ment of a cranberry bog on a commercial basis, and the ex-
penditures for the experimental work.
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Bog Account.
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Contingent : —
Freight,
Surveying, .
Express,
Telephone,
Furnishings,
Fuel, .
Incidentals,
Total,
11 65
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THE AGGLUTINATION TEST FOR THE ELIMINATION OF
WHITE DIARRHEA IN POULTRY.
The work of Jones of Cornell, Rettger of Yale, and Dr. Gage
of this station — the latter fully reported in Bulletin 163 —
having shown that white diarrhea, which has been the occasion
of so much loss to poultry keepers because of the death of so
large a proportion of young chicks affected with the disease, is
in most cases due to the infection of the egg.from the ovary of
the hen producing it, and that the hens harboring the organism
can be almost certainly detected by a comparatively simple
blood test, it was decided to carry out this test on the flocks of
poultrymen applying for it in so far as the facilities and force
at our disposal made it possible on the basis of a payment to the
station at the rate of five cents for each fowl tested. This work
was begun in a small way in the winter of 1915. It became
possible in the late summer to undertake it upon a considerably
more extensive scale through an arrangement for the collection
of the samples of blood by Prof. A. G. Lunn, who is engaged in
poultry extension work. It was thought that Mr. Lunn would
be able to collect samples in as great number as could be
handled in our laboratories with the force available for the
work without serious interference with his extension duties.
This expectation was not fully realized. The number of blood
samples which he found it possible to take was not sufficiently
great nor forwarded with sufficient regularity to afford steady
employment for our laboratory forces. A good beginning, how-
ever, was made, and between September 11 (when the work
began) and the end of the year 2,728 birds were tested. So far
as follow-up work and the reports from individuals whose breed-
ing flocks have been tested indicate, the results of the work are
very satisfactory, as the losses of chicks hatched from eggs of
birds which passed the test have been far less than the losses
in chicks belonging to the same owners when eggs from un-
tested breeding flocks were hatched.
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INVESTIGATION.
The department reports which follow present a general de-
scription of the principal experimental work in each, and to
these reports reference should be made for detailed information.
Department of Agriculture.
The lines of work followed in the agricultural department are
mainly concerned with investigations concerning the relations of
varied use of fertilizers, manures and various fertilizer materials
and lime to the productive capacity of soils with different crops.
Our main lines of investigation have been continued during the
past year, but are being more and more closely correlated with
chemical investigations conducted by Professor Morse and his
assistants. The outcome of the work in progress is a constantly
increasing knowledge of the conditions affecting productive
capacity. One line of investigation which has been followed for
some twenty-six or twenty-seven years indicates so decisively
and so consistently throughout this long series of years that the
use of lime has not increased the availability of the soil potash
that we have had no hesitation in advising against dependence
upon lime, during this period when potash cannot be purchased,
as a means of bringing soil potash within the reach of the crop.
The report of the agriculturist calls attention to a few only of
the lines of investigation in progress.
The report upon the results of the season on Field A, devoted
to a comparison of different materials as sources of nitrogen, is
of particular interest as it shows so clearly how important it is
to consider the effect of residual material in estimating the
relative value of such nitrogen fertilizers as nitrate of soda and
sulfate of ammonia. It has been found that even without ap-
plication of lime, splendid crops of clover can be produced where
nitrate of soda as a source of nitrogen has been continuously
used for twenty-six years. On the other hand, where sulfate of
ammonia has been regularly applied, clover is a practical failure
unless lime be applied in large quantities. Another point very
strikingly brought out by the results of the year is the possi-
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bility of producing splendid crops of clover on a soil physically
well adapted to the crop and liberally supplied with materials
furnishing phosphoric acid and potash without any application
whatever of nitrogen fertilizers during the long period of time
that the experiment has continued. On the limed portions of
the different plots, the no-nitrogen plots in 1915 gave yields
practically identical with those produced on plots where dried
blood as a source of nitrogen has been applied in liberal amounts
annually. The yield on the limed portion of the no-nitrogen
plots was only slightly inferior to the yields obtained where
nitrate of soda and sulfate of ammonia have been annually
applied, and the plots which have received no applied nitrogen
in any form during twenty-six years gave a yield of clover at
the rate of 253 pounds per acre greater than that produced
where manure has been applied annually. If we include both
the limed and unlimed portions of all the plots, the yield on
the plots to which no nitrogen has been applied for twenty-six
years was last year substantially equal to the yield on any of
the plots, and was at the rate of slightly over four tons per
acre. These results indicate clearly that the highest economy
in the production of clover is not possible when manure is
applied to the land; manure should certainly be reserved for
other crops.
The report presents extensive averages which show in a
striking way the relative adaptation to different crops of the
two leading potash salts, muriate and high-grade sulfate.
Among crops for which the former is the best, as shown in
most cases by results extending over a considerable number of
years, are asparagus, currants, sugar beets, ensilage corn,
squashes, carrots and onions, while the muriate also has in-
variably given a heavier yield of corn stover than the sulfate.
Among crops for which the sulfate is clearly best adapted, this
statement also in most cases depending upon results extending
over a considerable number of years, may be mentioned black-
berries, raspberries, strawberries, rhubarb, potatoes, cabbages,
soy beans, alfalfa and clovers, while the yield of grain of the
corn crop has been slightly greater on sulfate than on muriate.
The report on the results of top-dressing permanent mowings
brings out in a striking way the possibilities in the direction of
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hay production on soil naturally adapted to grasses.and clovers
under this system of management. The average of twent}^-
three years' experiments has been the production, usually in
two crops annually, of nearly three tons of well-made hay to
the acre. The average annual cost of the materials used in top-
dressing has amounted to from $10 to S12 per acre. The possi-
bilities of profit at prices which hay usually brings are clearly
apparent. The substitution of a mixture of basic slag meal
(2,070 pounds) and muriate of potash (647| pounds) for one
ton of wood ashes applied in the earlier j-ears of the experiment
appears to have been a distinct improvement.
Department of Horticulture.
The work in this department during the past year has not
been carried in any special line of investigation to a point
making a definite report of results at this time desirable. The
investigations in progress include both such as relate to prob-
lems of a research character which have been looked after by
Dr. Shaw, and more practical experiments, most of which are
under the direct charge of Professor Sears. Professor Waugh's
report includes an outline statement indicating the nature of the
principal lines of investigation.
Department of Poultry Husbandry.
The report of Dr. Goodale of the department of poultry hus-
bandry deals mainly with lines of general investigation con-
nected with the factors which influence egg production. Some
of Dr. Goodale's principal conclusions are: —
First, that the prime factor essential for satisfactory winter
egg production from strong stock is early maturity. The records
of the station flocks show that, even in the case of birds of one
breed hatched from eggs from the same pen supposedly made
up of birds of similar breeding, there is an astonishing varia-
bility in the age at which the first egg is produced, namely
from 195 to 300 days.
Second, the prime factor essential for high annual egg pro-
duction aside from early maturity is nonbroodiness. A con-
siderable flock of Rhode Island Red hens, none of which were
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broody during their first year, has been selected and will be
used for breeding in the effort to produce a nonbroody strain.
Dr. Goodale concludes that if broodiness can be eliminated, the
increase in annual egg production may very likely amount to as
much as 33| per cent.
Another point brought out by the work of the year is that
chicks reared on new land thrive very much better than those
raised on land over which chicks have previously ranged, even
if for only a short period of time, and this appears to be true
even when the land is not infected with any disease organism.
Department of Chemistry.
Besides the usual control bulletins on fertilizers and feeds
there have been three bulletins published from this department
during the past year: No. 164, "Substitutes for Milk in the
Rearing of Dairy Calves and the Cost of Rearing the Dairy
Cow;" No. 165, "Effects of Sulfate of Ammonia on Soil;"
and No. 166, "Improved Methods for Fat Analysis."*
The results presented in Bulletin 164 show that there are a
number of fairly satisfactory calf feeds which can be used very
largely in place of milk in the rearing of dairy calves. The
bulletin also describes a home-made combination which seems
to serve the purpose equally well. The results bearing upon
the cost of rearing a dairy cow indicate that this usually is
likely to amount to about $75 to $85 up to the age of two
years.
Bulletin 165 presents results which lead to the conclusion
that one of the permanent effects of continuous use of sulfate
of ammonia as a fertilizer is that the sulfuric acid enters into
combination with calcium in the soil and that as a result there
is a considerable loss of lime. The results indicate further that
after the lime is to a considerable extent exhausted, there is
likely to be a formation of salts of iron and aluminium, and
culture studies with seedling plants in solutions to which small
quantities of iron or aluminium sulfate were added demon-
strated a highly injurious action of these salts on the roots,
especially of clover seedlings. These studies throw important
light upon the causes of the almost absolute failure of clover on
plots in one of our important series of experiments in which
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sulfate of ammonia has been used continuously for a consider-
able number of years^
Bulletin 166, on fat analysis, is of a highly technical character,
but presents the results of long-continued and extremely careful
investigation, which has resulted in the development of a num-
ber of methods either entirely new or greatly improved as com-
pared with methods previously known.
The report of the head of the department of chemistry pre-
sents a very complete outline of the various lines of investiga-
tion and general work conducted in this department of the
experiment station.
Department of Botany.
The work of this department has followed about the usual
lines but has been considerably strengthened in the direction of
greater attention to and closer study of a number of plant
diseases. Two diseases which seem to be rather serious which
are new in the State have been brought to attention during the
year, — mosaic disease of the sweet pea and ringspot of cauli-
flower. These are being investigated.
Fungous diseases of most kinds were more general and more
serious during the summer of 1915 than usual, undoubtedly
because of the unusual moisture conditions of July and August.
Among such diseases, the late blight of the potato probably
caused greater damage than any other. The downy mildew of
the cucumber appeared earlier and was much more severe than
usual, affecting both hothouse and out-door crops, many of the
latter being practically complete failures on account of it.
Some phases of the work of the department during the year
seem to indicate that powdery scab, which it was at one time
feared would become a serious disease of the potato in this
State, apparently finds climatic conditions unfavorable to devel-
opment, and it is thought this disease will give us little or no
trouble.
White pine blister rust, one of the most serious diseases that
has ever affected that species, has been found in a number of
widely scattered centers, and is particularly abundant in the
western part of the State. Some phases of the life history of
the fungus causing this disease are being carefully studied.
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Department of Entomology.
The work in this department has followed about the usual
lines, but especial attention has been directed to the study of
such insects as reports and correspondence indicated were prov-
ing injurious to an exceptional degree in all cases in which the
life histories of these insects and satisfactory means of prevent-
ing injury were not already known. Correspondence indicated
an exceptional degree of injury from the work of plant lice and
scale insects. Fairly satisfactory remedies for these are already
know^n.
The fact was brought to the attention of the department
that the red spider was doing an immense amount of dam.age to
hothouse cucumbers, and as no satisfactory methods of preven-
tion were known, a graduate assistant has begun a special in-
vestigation.
During the summer the fact was brought to our attention
that the larvae of an insect which proved to be the strawberry
crown girdler was doing very great injury to young white
pines in the forest tree nurseries of the State. The value of the
stock destroyed in one of these nurseries was estimated to be
no less than SI5,000. The insect attacked not only the white
pine but other conifers, which were completely girdled at a dis-
tance of from one to three inches below the surface of the
ground, and occasionally attacked even sugar maples as well.
Methods of treatment which it is believed will be quite effective
in protecting from a similar attack next year were suggested
and put into operation.
The head of the department calls attention to the vital need
of additional assistance in order that more satisfactory service
to the agricultural interests of the State may be rendered.
Department of Veterinary Science.
The general lines of investigation in this department have
been similar to those to which attention has recently been de-
voted. Principal emphasis has been laid upon a continued
investigation of bacillary white diarrhea and methods of its
elimination from the flocks of the State, and the use of serum
for the prevention of hog cholera. One new line of investigation
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has been undertaken. This is of a highly technical research
character, the object in view being to determine the causes and
if possible the methods of prevention of some of the more
serious bee diseases. European foul brood is the one at present
receiving most attention.
One bulletin has been issued by the department during the
year, namely, Bulletin 163, "Bacillary White Diarrhea in
Young Chicks in Massachusetts." Investigation has shown
that white diarrhea is found in practically all parts of the
State. The proportionate losses in different districts vary con-
siderably, but in the aggregate the losses from this disease are
very serious. The disease is carried by means of eggs from
unsound stock, through the purchase of day-old chicks or of
infected mature stock. The bulletin urges that poultry keepers
co-operate with the station in the effort to free our flocks from
this infection.
Department of Agricultural Economics.
Two main lines of investigation have engaged attention in
this department: nameh, agricultural insurance and the produc-
tion, storage and distribution of onions.
The study of agricultural insurance has consisted mainly in
inquiries to determine the extent to which such insurance is
offered, the cost of such insurance and the general conditions
and results. There appear to be only two types of agricultural
insurance practiced in New England, namely, live stock insur-
ance and insurance of the tobacco crop against damage by hail.
Live stock insurance is confined to the insurance of race horse
stock and exhibition stock when shipped to shows. The pre-
mium rate is about 10 per cent., which is excessively high, and
it is not surprising that inquiry discloses the fact that such
insurance is not at all general. The rate of insurance of to-
bacco against damage by hail is about 5 per cent. Such insur-
ance is by no means general, but is considerably practiced,
with results which seem in general to be satisfactory.
The investigations in connection with the production, storage
and distribution of onions indicate that the cost of production
and marketing appears to be about 36 to 40 cents per bushel.
The average acre yield in 1914 was about 480 bushels. Of the
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total crop produced about 40 per cent, is usually stored. The
average cost of storage, inclusive of shrinkage, is about 14.6
cents per bushel. The March price during the years covered by
the investigation (1914 and 1915) has averaged about 51 per
cent, higher than the September price and 61 per cent, higher
than the October price, these advances affording a good margin
of profit on storage.
Department of Microbiology.
Since this department has thus far worked without adequate
laboratory accommodations and equipment, the work along
such lines of investigation as have been undertaken has been
mainly of a preliminary character.
The department has published one bulletin of a highly tech-
nical character. No. 167, which presents the results of a careful
study of the relation of hydrogen ion concentration to the pro-
teolytic activity of a few species of bacteria. It is believed that
this work will prove of value as a basis for investigations hav-
ing very direct, close and important relation both to the pro-
ductive capacity of soils and the sanitary qualities of milk.
Department op Meteorology.
The usual weather observations have continued. Weather
signals received from the United States Weather Bureau have
been displayed. The usual monthly bulletins have been regu-
larly published.
Reports and Bulletins.
The reports of the treasurer and of the different departments
immediately follow the director's report. The bulletins to
which reference has been made will be found in Part II. of the
annual report.
WM. P. BROOKS,
Director.
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REPORT OF THE TREASURER.
ANNUAL REPORT
Of Fred C. Kenney, Treasurer of the Massachusetts Agricul-
tural Experiment Station of the Massachusetts Agricultural
College, for the Year ending June 30, 1915.
United States Appropriations, 1914-15.
Hatch Fund. Adams Fund
Dr.
To receipts from the Treasurer of the United
States, as per appropriations for fiscal year
ended June 30, 1915, under acts of Congress
approved March 2, 1887 (Hatch fund), and
March 16, 1906 (Adams fund),
Cr.
By salaries,
labor,
publications,
heat, light, water and power, ....
chemicals and laboratory supplies,
seeds, plants and sundry supplies,
fertilizers,
library,
tools, machinery and appliances, .
scientific apparatus and specimens,
live stock,
traveling expenses, ..:...
Total,
$15,000 00
812,678 44
1,124 44
11 50
26 79
223 78
375 21
449 70
19 43
32 91
41 00
16 80
S15,000 00
S14,586 63
289 17
69 46
29 48
6 09
10 81
8 36
815,000 00 815,000 00
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State Appropriation, 1914-15.
Cash balance brought forward from last fiscal year,
Cash received from State Treasurer, . . . .
fertilizer fees, . . . .
farm products, . . . .
miscellaneous sources,
$13,797 08
31,000 00
9,892 00
2,377 00
13,079 15
$70,145 23
Cash paid for salaries, ....
labor, ....
publications, .
postage and stationery,
freight and express,
heat, light, water and power,
chemicals and laboratory supplies,
seeds, plants and sundry supphes,
fertilizers,
feeding stuffs, ....
library,
tools, machinery and apphances,
furniture and fixtures, .
scientific apparatus and specimens,
live stock,
traveling expenses,
contingent expenses,
buildings and land, . " .
miscellaneous, ....
balance,
Total,
S20,413 61
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DEPARTMENT OF AGRICULTURE.
E. F. GASKILL.
In reporting the work of the agricultural department for the
past year the plan generally adopted by the department for
presenting the experimental data has been followed. As stated
in earlier reports the experimental work of this department has
dealt largely with various phases of the question of soil fertility.
It was early recognized that results obtained in such work for
one, two or three years would be of little value because of the
favorable or unfavorable effect of a wet or a dry season on crop
production; therefore, many of the experiments have continued
over a long period of years. It has not been the custom to
report the work in detail each year, but to mention only a few
of the more important results for the year. Each report may,
therefore, be considered a report of progress, and a complete
file of the annual reports will present a fairly complete record of
the different experiments.
The work this year has involved the use of 200 field plots, 13
orchard plots, 23 pasture plots, 143 closed plots and 389 pots.
Field A, or the Nitrogen Experiment.
This is the twenty-sixth year of the experiment which has for
its object a study of the relative value as sources of nitrogen of
barnyard manure, nitrate of soda, sulfate of ammonia and dried
blood. There are 8 plots which receive nitrogen from the fol-
lowing sources, and 3 check plots which receive no nitrogen.
Barnyard manure is used on 1 plot, nitrate of soda on 2 plots,
sulfate of ammonia on 3 plots, and dried blood on 2 plots. All
plots receive the same amounts of actual phosphoric acid and
actual potash.
One-half of each plot received in 1913 an application of
hydrated lime at the rate of 2 tons per acre.
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The crop this year was clover. Two splendid crops were
harvested, and a very fair third crop was turned under in
November. The average yield for this year on the different
nitrogen and no-nitrogen plots is shown in the following table: —
Average Yields per Acre, 1915 {Grass and Clover).
Plots.
Limed
(Pounds).
Unlimed
(Pounds).
Average
(Pounds).
Nitrate of soda, 1 and 2,
Dried blood, 3 and 10,
Sulfate of ammonia, 5, 6 and 8,
No nitrogen, 4, 7 and 9,
Manure, 0, .
8,450
8,050
8,867
8,053
7,800
7,800
8,600
7,300
1
8,133
8,300
8,125
8,325
8,083
8,093
8,050
• Grasses in much larger proportion than on other plots.
As the crop stood in the field there was a marked difference
between the limed and unlimed portions of all plots except the
nitrate of soda plots and the manure plot. It was desired to
obtain photographs of the crop on the limed and unlimed areas
of the different plots, and owing to the unsettled weather con-
ditions it was necessary to make the stacks over three or four
times, which caused a loss of leaves and consequently reduced
the weights somewhat. This loss was most serious on the plots
with the heavier yields of clover.
The following table shows the yield per acre obtained this
year on the different plots : —
Yields per Acre (Poimds).
Plot. Fertilizer.
Stable manure,
Nitrate of soda, .
Muriate of potash.
Dissolved boneblack,
Nitrate of soda, .
Sulfate of potash-magnesia,
Dissolved boneblack,
Dried blood,
Muriate of potash.
Dissolved boneblack,
First Crop.
Limed.
4,100
5,800
4,100
4,400
Unlimed.
4,300
3,500
4,700
4,800
Second Crop.
Limed. Unlimed.
3,700
3,800
3,200
3,500
4,000
3,900
3,500
3,900
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Yields per Acre (Pounds) — Concluded.
Plot.
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On the basis of increase as compared with the no-nitrogen
plots the relative standing for the different fertilizers for the
twenty-six years is as follows : —
Per Cent.
Nitrate of soda, . . . " 100.00
Manure, 76.47
Dried blood, . 75.83
Sulfate of ammonia, . 57 . 93
Considering the relative standing of the different nitrogen
fertilizers on the basis of yields per acre, it will be seen that
with a mixed crop of clover and grass there is very little differ-
ence between the different materials, and that the no-nitrogen
plots gave yields about as large as those receiving nitrogen.
Comparison of Muriate and High-grade Sulfate of Pot-
ash (Field B).
The crops grown on this field the past year were asparagus,
blackberries, raspberries, currants, rhubarb, potatoes, mangels
and alfalfa. The results obtained are in agreement with those
in previous years, with one exception, — the yield of asparagus
this year was slightly better on the sulfate plot than on the
muriate plot. This is the twelfth year this crop has been grown
on these plots, and the only time that the yield has not been
decidedly in favor of the muriate. We have pointed out in
previous reports the fact that muriate has given better results
in dry seasons, but we are not ready to say the difference in
yield this year is due to the abnormally wet season.
Considering the different crops grown during the twenty-
three years of the experiment, the muriate has proved the better
source of potash for the following: asparagus (eleven years),
currants (four years), mangels (two years), sugar beets (one
year), corn, ensilage (one year), corn stover (seven years),
sweet corn stover (one year), squashes (three years), carrots
(two years), onions (two years), celery (one year), oat hay (one
year), and vetch and oats (two years).
The sulfate has proved the better source of potash for the
following crops: asparagus (one year), blackberries (ten years),
raspberries (ten years), strawberries (eleven years), rhubarb
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(twelve years), potatoes (twelve years), corn, grain (seven
years), sweet corn, ears (one year), cabbages (ten years), soy
beans (four years), alfalfa (four j'ears), crimson clover (one
year), common red and alsike clover (one year), and mammoth
red clover (one year).
North Corn Acre.
For twenty-six years there have been under comparison on
this field two fertilizer mixtures. In one, the percentage of
potash is high and that of phosphoric acid low; in the other
(which represents about the average analysis of the commercial
corn fertilizers offered on our markets), the percentage of phos-
phoric acid is high and that of potash low. For twenty years
the rotation on this field has been two years grass and two
years corn. The seed (a mixture of timothy, red top and clover)
has usually been sown in the standing corn the latter part of
July. The soil has not had the benefit of a green manure crop
nor an application of manure during the twenty-six years of the
experiment. The turf and corn stubble which have been plowed
under have been the only source of humus. The crop this year
was corn. The yield was somewhat smaller than in previous
years, but it is believed that the abnormally wet season was
more responsible for the lower yield than the lack of fertility.
Judged on the basis of crop production, it would seem that the
fertility of the soil had been maintained by the use of commer-
cial fertilizer alone.
The yield of crib-dried corn obtained this year was at the
rate of 46 bushels per acre on the combination rich in phos-
phoric acid, and the stover on this plot was at the rate of
5,420 pounds per acre. On the plot receiving the combination
richer in potash, the yields were at the following rate: crib-
dried corn, 35.1 bushels; stover, 5,060 pounds.
North Soil Test.
This experiment began in 1890 and has for its object a study
of the effect of the continued use of fertilizers containing single
plant-food elemeats and different combinations of plant-food
elements for different crops; also the effect of lime added to
each fertilizer under comparison.
42 a EXPERIMENT STATION. [Jan.
This year the crop was mixed grass and clover. The follow-
ing table gives the fertilizer schedule and the yields per acre
obtained this year on the different plots: —
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Fertilizers.
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Lime Experiment.
An experiment to study the relative value of different sources
of lime on the basis of equal applications of combined calcium
and magnesium oxides was begun in 1914. The field selected
for this experiment is the one on which for so many years we
studied the effects of spring and winter applications of manure.
The plots have received no manure or fertilizer since 1911.
The crop this year was medium green soy beans grown for
seed. The crop was harvested October 18 and 19, and threshed
in November. The following table gives the yields per acre on
the different plots : —
Plot. Lime. Beans(Bushels).
Straw
(Pounds).
Hydrated lime,
Marl,
Ground limestone,
No lime,
Limoid,
.
31.20
30.00
30.02
28.86
35.25
2,484
2,435
2,359
2,273
3,209
Variety Test Potatoes.
This year we have had 21 different varieties of potatoes in
our variety test work. The varieties planted this year were
selected from the more promising varieties grown last year.
This seed originally came from widely different sources; the
present season is the fourth that these varieties have been
grown on our plots. The plan included two rows of each variety
with every seventh row as a check. The Green Mountain
variety was planted in the check rows.
The following table shows the variety and yield obtained this
year. Those with one star ranked among the five best yielders
in one of the preceding years; with two stars, ranked among
the five best yielders two of the preceding years; and with
three stars, ranked among the five best yielders all three of the
preceding years.
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DEPARTMENT OF HORTICULTURE.
F. A. WAUGH.
The work of the experiment station in horticultural lines has
continued during the year in accordance with policies already
well established. The research work, in charge of Dr. Shaw,
has emphasized increasingly the problems of pomology, and has
given somewhat less attention to problems of plant breeding.
The practical experiments in pomology conducted by Professor
Sears have been devoted chiefly to methods of orchard practice.
During the year there has been much emphasized the increased
demand for experimental work in market-gardening lines.
Definite plans for work in this field are being matured, espe-
cially under the direction of Prof. H. F. Tompson. Consider-
able demand exists also for experimental work in floriculture.
The following outline gives a brief resume of the work of the
year:
—
1. Plant breeding work is still continued though in diminish-
ing measure. The principal problems recently touched are as
follows : —
(a) Correlation between seed weight and vine length in peas.
(6) Selection within pure lines in peas.
(c) Pigmentation in garden beans. A considerable amount of
material ready for publication.
(d) Selection of summer squashes in the attempt to isolate
pure lines. Interesting practical results have been secured, but
nothing of sufficient scientific importance for publication.
2. Co-operative observations of summer temperatures, espe-
cially in orchard lands, have been undertaken in Franklin
County under direction of Dr. Shaw.
3. Experiments in apple storage, with special reference to the
effects on quality, have been conducted by Dr. Shaw with the
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co-operation and advice of other members of the department of
pomology.
4. Some experiments in the formation of heads on young
apple trees, using different methods of pruning, are now under
way by Mr. Armstrong under direction of Dr. Shaw.
5. Perhaps the most important experiment under way in this
division is the one conducted by Dr. Shaw in the correlation
existing between stock and scion in grafted fruit trees. This
project is an extensive one and is undertaken to cover a con-
siderable term of years. It is now getting under way.
8. Dr. Shaw has also been making extended studies of tree
and leaf characters in different varieties of apples. Much inter-
esting material' has been collected.
7. Extended practical experiments in orcharding management
are being conducted by Professor Sears. The principal prob-
lems in hand are as follows : —
(a) Experiments in spraying, with special reference to use of
oil on apple trees.
(b) Comparative test of cover crops.
(c) Top grafting experiments, designed to test the influence
of stock upon scion in top-worked apple trees. This experiment
is naturally closely correlated with the stock and scion experi-
ments planned on a larger scale by Dr. Shaw.
(d) Extended observations of varieties of fruits.
(e) A comparison of southern-grown nursery stock with
northern-grown.
(/) A comparison of one-year trees against two-year nursery
trees in orchard planting.
(g) Experiments in the pruning of nursery trees at planting
time.
(h) Summer pruning experiments, which thus far have given
chieflv negative results.
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DEPARTMENT OF POULTRY HUSBANDRY.
H. D. GOODALE.
The Status of Work in Breeding for Increased Egg Pro-
duction.
The work was begun late in the fall of 1912, with showroom
stock where no attention had ever been paid to egg production.
Little was known about birds placed in the laying houses
except that they were hatched some time in the preceding
spring, but whether early or late in the season was not recorded.
These birds were trapnested during that winter and the follow-
ing spring were mated to males of similar but otherwise un-
known ancestry. These matings, therefore, to all intents and
purposes were entirely at random so far as egg production was
concerned. Only about half the pullets reared were suitable for
placing in the laying houses. This generation furnished us our
first adequate data. These birds and many of their parents
were mated for the pullets that were placed in the laying houses
in the fall of 1914. The results, however, were disappointing,,
due probably to some secondary factor or group of factors. The
egg production of the pullets of the same matings was entirely
unlike in the two winters. The pullets now in the laying houses
will furnish us data for the fourth generation. At this writing a
very satisfactory egg production is being secured.
A study of the data at hand indicates the following tentative
conclusions : —
First. — We have been unable to interpret the egg records of
the strain of Rhode Island Reds kept at this station in the
same way that the records of the Maine station have been
interpreted.
Second. — The prime factor in securing winter egg production
from strong stock is early maturity.
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Third. — The prime factor in securing a high annual egg pro-
duction, besides early maturity, is nonbroodiness. The addition
of early maturity and nonbroodiness to the station strain should
result in a big increase in egg production.
Work along our main lines has proceeded as usual. The
accumulation and handling of the necessary data require a large
amount of tedious routine work. In all probability it will be
necessary to continue this work for several years, although it is
hoped that certain phases can be brought to a close sooner.
A considerable number of nonbroody Rhode Island Red hens
is now on hand. There is also a large number of pullets bred
for nonbroodiness in the laying houses. A study of the data on
broodiness shows that whenever a hen goes broody her egg pro-
duction falls off about 40 per cent. As each hen, on an average,
goes broody about five times in her pullet year, it means that if
broodiness can be eliminated an increase in annual egg pro-
duction of about 33f per cent, can be secured. On a flock
average of 120 eggs per annum it means 40 eggs, or from 80 to
100 cents, since these additional eggs are produced during the
summer and fall.
The number of nonbroody hens on hand enables us to proceed
to the next phase of the work, viz., the testing of males belong-
ing to this line. As many males as possible will be tested the
coming season. The results of the test will not be completely
known until the fall of 1917, since the pullets must make at
least a year's record before they can be considered nonbroody.
An examination of the data on the age of pullets when the
first egg is laid shows a surprising amount of variability. A
number of pullets hatched the same day and kept in one flock
throughout the test may range from 195 days of age to over
300 when the first egg is dropped. On the other hand, the
correlation between the length of time the bird has been laying
and the number of eggs produced prior to March 1 is fairly
high, r = -1- .8612 + .0132.
The studies on broodiness emphasize the need for one or two
pens where the environment can be controlled. The height of
the broody season comes during the warm raonths, but it is not
clear whether the large amount of broodiness is due to the tem-
perature alone or to cyclic changes in the birds. If the former,
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measures might be devised by which the effect of the tempera-
ture could be offset.
A marked improvement in the stamina and vigor of the flock
has been noted. Probably less than 5 per cent, of the pullets
have been thrown out this fall because of lack of vitality.
The data secured this season on hatchability illustrate the
desirability of extending such records over long periods of time.
In 1914 the average hatchability of hens, compared with their
pullet records, showed a marked decrease, nearly all individuals
falling below the previous records. In 1915 about equal num-
bers showed an improvement and a falling off. Apparently the
weather conditions exert considerable influence on the hatching
quality of eggs. It seems probable that temperature is the
determining factor, but until methods of controlling tempera-
ture and other environmental factors are available, this point
cannot be settled.
A great deal of time has been devoted to artificial brooding.
A number of brooders, various methods of brooding, feeding and
management have been tried out. Two results of some im-
portance have been secured. First, in general, chicks do better
on ground previously unoccupied by poultry than on ground
that has been used even for a short time. A very high rate of
growth was attained in several lots reared on new land. Second,
chicks from certain i|idividuals live and grow much better than
from others, just as eggs from some hens hatch much better
than those from others.
Equipment.
Sixteen brooding houses 6 by 6 feet have been added to the
equipment. These have proven extremely satisfactory for use
with the new portable hovers. A thermograph has also been
added, which is being used in various places.
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DEPARTMENT OF CHEMISTRY.
J. B. LINDSEY,
For convenience the station department of chemistry is
divided into the research, fertilizer, and feed and dairy sections.
1. Work of the Research Section.
(a) Mr. Beals, under the direction of Dr. Lindsey, has con-
ducted a study of the nutritive value of vegetable ivory meal,
including its chemistry, digestibility and value for milk produc-
tion. Additional experiments by Dr. Lindsey along the same
line are still in progress. Although tasteless and tough, this
material appears to be quite well utilized by sheep and cows.
Digestion work completed includes a study of cabbages, car-
rots, pumpkins, soy bean hay and garbage tankage.
(6) Dr. Holland and Mr. Buckley have continued their
studies in the chemistry of butter fat. The modification of the
Hehner and Mitchell method for determining the amount of
stearic acid in the insoluble acids of butter fat has been further
investigated and a report submitted for publication in the
"Journal of Agricultural Research." The method yields a
much higher percentage of stearic acid both in butter fat and
palm oil than was formerly thought to be present. The method
for determining unsaponifiable matter in oils and fats has been
perfected. The process is essentially an extraction of the dry
soaps with anhydrous ethyl ether, with subsequent purification
of the extract.
The stability test with olive oil is now on the sixth year, as it
was considered advisable to examine the remaining set of
samples in March, 1916, before drawing the work to a close.
The high mortality in the apiaries of the State during the
past few years has necessitated the examination in the station
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laboratory of fifteen samples of dead bees and of comb for
arsenical poisoning. The results have been reported to the sta-
tion apiarist. The demand for an immediate report forced us
to devote some time to improvising a method to satisfactorily
meet this requirement.
Considerable time was also devoted to the examination of
insecticides for other parties, and a number of cases of supposed
animal poisoning by arsenicals has been investigated.
(c) Mr. Morse, assisted by Mr. Ruprecht, outlines his work
as follows : —
Asparagus. — A small amount of analytical work has been
performed in finishing some loose ends of samples discovered in
sorting and arranging data for publication. A short report on
a simple study of the changes in asparagus after cutting proved
unexpectedly interesting to the asparagus growers at their an-
nual meeting, and led to a request from their secretary, Wilfrid
Wheeler, that the subject be fully studied.
Cranberries. — Analyses have been made of fruit and vines
from groups of differently fertilized and unfertilized bogs, with
respect to the fertilizing constituents. The samples are unusu-
ally uniform in composition by the conventional methods.
Analyses of two lots of Early Black, two of Late Howe and
one of McFarlin berries showed also a uniformity in food con-
stituents for the different varieties for this season. Continued
study of the bog waters shows the constant presence of a colloid
or colloidal mixture, consisting of iron, phosphoric acid, organic
matter and a little silica. The bog waters also carry in solution
calcium carbonate, arising probably from the concrete in which
the tiles are imbedded.
Field A. — Analyses of clover samples, both of tops and of
roots, from the most striking plots were made early in the year.
Samples of clover at the time of cutting for hay were gathered
from each half of each plot in June and again in September,
dried and analyzed for nitrogen. The work was done in con-
nection with a proposed study of the effect of liming soil on
nitrogen assimilation by crops. The nitrogen determinations
were made by Messrs. Reals and Borden in the feed and dairy
section.
Mr. Ruprecht continued his study of the minor effects of sul-
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fate of ammonia on the soil, including the formation of soluble
manganese compounds and the character of a colloidal substance
obtained in soil extracts from the soils dressed with sulfate of
ammonia. He also continued his ctdture work with clover seed-
lings, using salts of iron, aluminium and manganese with and
without calcium carbonate.
Mr. Beals has just begun the study of the comparative effects
of muriate and sulfate of potash on the soils of Field B. Espe-
cial attention will be given to the effects of the two salts on the
content of lime and magnesia.
Tobacco. — During the summer the unusual weather condi-
tions caused many requests for advice concerning tobacco crops.
Consequently, considerable time was spent in visiting tobacco
fields, looking up meteorological records and the literature on
tobacco culture, and making a few soil moisture determinations.
Drainage waters from Field A were obtained and were ex-
amined, both in their relation to the tobacco problem and to
the study of Field A soils.
Soil Problems. — Recently a little time has been spent in an
attempt to correlate the numerous soil analyses published in our
annual reports, with locality and possible soil formation. Also
an attempt has been made to outline a form of procedure which
could be followed by county agents when it became necessary,
in their judgment, to ask the experiment station for a soil
analysis. It appears possible, by utilization of the maps of the
United States Geological Survey, the published works on Massa-
chusetts geology, the actual soil surveys made, and analyses on
hand, to begin a systematic scheme of soil investigation which
would be of use to county agents and would also help whea the
time comes for a complete soil survey of the State.
2. WOEK OF THE FERTILIZER SECTION.
The work of the fertilizer section, in charge of Mr. Haskins,
with Messrs. Walker, Jones and Frost as assistants, may be
summarized as follows: —
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(a) Fertilizers registered.
During the season of 1915, 112 manufacturers, importers and
dealers have secured certificates for the sale of 501 different
brands of fertilizer, agricultural chemicals, raw products and
agricultural limes, classed as follows: —
Complete fertilizers, 345
Fertilizers furnishing phosphoric acid and potash, .... 9
Ground bone, tankage and dry ground fish, . . . . , .51
Chemical and organic nitrogen compounds, 67
Agricultural limes, 29
501
(6) Fertilizers collected and analyzed.
During the year 6,914 tons of fertilizer were sampled, neces-
sitating the sampling from 16,709 different sacks. Of the com-
plete fertilizers, 60 per cent, of the total tonnage were high-
grade fertilizers (valued over $24 per ton), 31 per cent, were
medium-grade (valued between $18 and $24 per ton), and 9 per
cent, were low-grade (valued less than $18 per ton).
In this work 150 towns were visited and 1,322 samples, rep-
resenting 513 distinct brands, were drawn from stock found in
possession of 353 different agents.
Seven hundred and twenty-one analyses (505 distinct brands)
have been made during the year's inspection, as follows: —
Complete fertilizers, 373
Fertilizers furnishing phosphoric acid and potash, . . ... 20
Ground bone, tankage and dry ground fish, 61
Nitrogen compounds, 190
Potash compounds, 7
Phosphoric acid compounds, 34
Lime compounds, 36
721
Full details regarding the fertilizer inspection work will be
found in Bulletin 4, Control Series, published in December,
1915.
In addition to its inspection work this section does consider-
able work in the analysis of substances sent by different depart-
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merits of the station and by farmers. It has also found time to
conduct experiments to study values of different forms of plant
food. A brief outline follows: —
(c) Other Activities of the Fertilizer Section.
Forty-three brands of commercial fertilizers taken from the
1914 fertilizer inspection were washed out with warm water to
obtain a sufficient amount of water insoluble nitrogen for vege-
tation tests. These were made to study the activity of the in-
soluble nitrogen and to furnish a comparison with laboratory
methods. The water insoluble residues were subsequently an-
alyzed for their total nitrogen, as well as their nitrogen activity,
both by the alkaline and neutral permanganate methods. All
weights of fertilizing material made in preparation for the vege-
tation test (140 in number) were made in the laboratory.
Four hundred and ninety-seven different substances have
been received and analyzed for farmers, farmers' organizations
and the various departments of the experiment station. The
materials may be classed as follows : —
Fertilizers and by-products used as fertilizers, 178
Lime products, 27
Soils for lime requirement and organic matter tests, . . . .221
Soils for complete analysis, 2
Soils for partial analysis, 14
Tobacco and onion soils suspected to be suffering from overfertiliza-
tion, suspected of causing malnutrition of crops, .... 52
Greenhouse soils suspected to be suffering from overfertilization,
suspected of causing malnutrition of crops, 3
497
Time has been found for considerable co-operative work with
the Association of Official Agricultural Chemists. Mr. Walker
served as referee on phosphoric acid for the year, planning the
work, preparing and sending out samples for analysis, and com-
piling the final report on this subject for the association.
(d) Vegetation Tests.
A report of progress only can be made at this time on field
experiments begun in 1913 to study the availability of the phos-
phoric acid contained in basic slag phosphate. There are indi-
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cations from the yields of oats and buckwheat grown on the
soil used in this experiment that the available phosphoric acid
has been reduced to such an extent that another year we shall
feel justified in making the final experiment.
Two series of pot culture work (44 pots in each series) have
been completed to show the availability of phosphoric acid in
basic slag phosphate and the raw mineral phosphates as com-
pared with acid phosphate or superphosphate and other soluble
phosphoric acid sources. This work is supplementary to the
field experiment mentioned above, and is carried on in co-opera-
tion with the basic slag committee of the Association of Official
Agricultural Chemists. It is planned to continue the work
during the coming year. Reports will be made from time to
time to the association. The work will also be available for
publication by the experiment station if deemed advisable.
A pot experiment begun in the greenhouse last January to
study the availability of the water insoluble nitrogen of some of
the brands of fertilizer found in the 1914 fertilizer inspection has
been completed. This included about 140 pots. Results and
conclusions will be found in Fertilizer Bulletin 4, Control
Series, published in December, 1915.
3. Feed and Dairy Section.
Mr. Smith was assisted by Messrs. Beals and, Borden.
(a) The Feeding Stuffs Law (Acts and Resolves for 1912, Chap-
ter 527).
During the past year 1,043 samples of feeding stuffs were col-
lected by our inspector at 168 different places of business.
Over 1,100 brands have been registered and permits for sale
issued.
Business conditions, owing to the European war, have been
such that the feeding stuff situation has been decidedly abnor-
mal. Cereal grains have ruled high, while the price of many of
the cereal by-products, owing principally to the fact that the
normal export outlet had been shut off, bore little relation to
the price obtained for whole grains. This situation has led to
an exceptional opportunity for the use of discretion and intelli-
gence in the purchase of feeding stuffs.
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The beginning of what may eventually be an important move-
ment for New England farmers has also been noted in the ship-
ment of California feeding stuffs to New England ports by way
of the Panama Canal. Shipments of barley, oats, alfalfa meal,
malt sprouts and some molasses feeds have been received. If
local freight rates to inland points do not offset the cheap rate
for water transportation, this new source of feeding stuffs should
prove of benefit.
The results of the year's work of inspection have been pub-
lished as Control Bulletin No. 3.
(b) The Dairy Law (Acts and Resolves for 1912, Chapter 218).
1. Examination for Certificates. — Nineteen applicants have
been examined and found proficient.
2. Inspection of Glassware. — Four thousand nine hundred
and fifty-six pieces of glassware have been tested for accuracy,
of which only four pieces were condemned. This is the smallest
number condemned in any one year during the fifteen years that
the law has been in operation.
Following is a summary for the last fifteen years : —
Year.
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3. hispection of Machines and Apparatus. — During the
month of November, Mr. J, T. Howard, the authorized deputy,
has inspected the machines and apparatus in 76 milk depots,
creameries and milk inspectors' laboratories. All of the ap-
paratus was found to be in good working condition.
Following is a list of creameries, milk depots and milk in-
spectors' laboratories visited in 1915: —
1. Creameries.
Location
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2. Milk Depots— Concluded.
Location.
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reported. On account of the manner in which the Holstein tests
are conducted it is particularly difficult to obtain men always
when wanted.
During the early part of the year the work was somewhat
handicapped, owing to the presence of foot and mouth disease
in the State. We were fortunate, however, in not having a
single case on farms visited by our supervisors.
{e) Miscellaneous Work.
This section also does considerable chemical work in connec-
tion with experiments in animal nutrition. A number of samples
of milk have been analyzed for the Dairy Department in con-
nection with dairy shows and milk contests. For the station
apiarist it has determined the residual beeswax in a large num-
ber of samples of slum gum in order to enable him to ascertain
the efficiency of different methods for the extraction of beeswax
from honeycomb.
4. Numerical Summary of Laboratory Work, December,
1914, TO December, 1915.
There have been received and tested 90 samples of water, 516
milk, 1,315 cream, 1 ice cream, 229 feedstuffs, 178 fertilizer, 332
soil, 27 lime products, 49 slum gum, 17 samples bees for
arsenic, 6 arsenate of lead, 3 vinegar, 58 coal and 21+ miscel-
laneous.
The fertilizer control work involved the collection of 1,322
and the feed control 1,043 samples. There have also been ex-
amined in connection with experiments made by the different
departments of the station 209 milks, 132 cattle feeds, 43 fer-
tilizers, 528 millet straw and seed, 255 oat hays, 88 rape plants,
4 soy bean hays, 1 alfalfa and 1 buckwheat hay. The above
totals 6,468 samples, and does not include the work of the
research section nor the work under the dairy law.
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DEPARTMENT OF BOTANY.
A. V. OSMUN.
The botanical work of the experiment station during 1915 has
been along lines previously reported. Diagnosis of plant dis-
eases, seed separation, germination and purity tests, and result-
ant correspondence have required much time and attention.
While the responsibility for these activities has alwa3^s been
assumed by the experiment station, it would seem that the
time must soon come when such work will be done by members
of the staff paid from extension service funds. Service work of
this sort does not legitimately belong to men employed for
research, and it seriously inhibits progress on their research
projects.
Several diseases not previously noted as occurring in the State
were reported. These are mosaic of sweet pea; ringspot of
cauliflower, caused by Mycosphoerella hrassicoecola (Duby) Lin-
dau;^ and a leaf spot of digitalis, caused by an undetermined
species of colletotrichum.
Silvery scurf of potatoes, first reported from this State in
1914, appeared in several new localities during the last year.
The summer of 1915 w^as notable for its large number of
cloudy days and heavy rainfall, and the relative humidity dur-
ing July and August was considerably above normal. Such
conditions are ideal for the development of fungous diseases of
plants, and crop losses from this source were exceedingly heavy.
The number of complaints and entailed correspondence were
proportionately larger than usual.
Among the diseases most frequently reported were late blight
of potato, rhizoctinia stem rot of potato, downy mildew of cu-
cumber and melon, anthracnose of cucumber, sooty blotch of
1 Osmun, A. Vincent, and Anderson, P. J. Ringspot of Cauliflower. In Phytopathology,
6, p. 260, 1915.
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apple, brown rot of peach, plum and cherry, leaf curl of peach,
downy mildew of grape, anthracnose of bean, bacterial blight of
bean, late blight of celery, tomato scab, botrytis stem and bud
rot of peony, rust of antirrhinum, chestnut canker and an-
thracnose of sycamore.
The damage to the potato crop due to the late blight was
especially heavy throughout the State. It was noticeable, how-
ever, that on those fields repeatedly sprayed with Bordeaux
mixture comparatively little loss resulted. While spraying is
quite generally practiced by potato growers, there is a tendency
to be satisfied with one or two applications, whereas in such a
season as the last the applications should be made at intervals
of ten to fourteen days throughout the growing period of the
vines.
It is noteworthy that downy mildew of cucumbers was re-
ported in greenhouses in the eastern part of the State as early
as May first, which was fully a month earlier than this disease
usually makes its appearance. It continued to cause serious
damage during the entire summer, and was present in some
houses long after the first fall frosts. It resulted in total failure
of the cucumber crop in some places, and heavy loss resulted
everywhere, both to indoor and outdoor crops. A similar out-
break of the disease occurred in 1913.
In the past some concern has been felt over the possibility
that powdery scab of the potato might be introduced into the
State. In order to obtain evidence regarding the ability of the
powdery scab organism to cause the disease in this State, the
department undertook to test the matter in co-operation with
the United States Department of Agriculture. Experimental
plantings of infected tubers in two-foot tile filled with soil from
station plots failed to produce any tubers showing the slightest
evidence of powdery scab. On the other hand, diseased tubers
were produced in soil from the same source sent to Maine for
the purpose of investigation. This evidence, coupled with
similar results obtained in other eastern States, while not con-
clusive, suggests the probability that powdery scab will not
become a troublesome disease of the potato in Massachusetts,
and that climatic conditions play an important part in its dis-
tribution.
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Heavy losses to the tobacco growers of the Connecticut valley
resulted from obscure troubles not yet determined, but evidently
of a physiological character in some way related to nutrition.
The white pine blister rust, which for several years has been
known in a few restricted areas of the State, was last year dis-
covered in eight of the fourteen counties of the State. In the
western part of the State the outbreak of the disease has
assumed alarming proportions. In consequence of the increas-
ing seriousness of the situation the department has undertaken
the investigation of certain phases of the life history of the
causal fungus, with a view to working out some means of
control.
Satisfactory progress has been made on all old projects. The
following new projects were submitted during the year: —
5. Investigation of tobacco diseases in Massachusetts.
6. Investigation of white pine blister rust.
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DEPARTMENT OF ENTOMOLOGY
H. T. FERNALD.
The work of the department has progressed satisfactorily
during the past year. Correspondence has, as usual, taken con-
siderable time, and the insects involved have been of many
kinds.
The largest number of inquiries received has been about
plant lice, and scale insects have come next in order. The red
spider has been the subject of numerous letters, and methods for
the control of ants, the gypsy and brown-tail moths, tent cater-
pillars, bean weevils, root maggots, white grubs, cutworms,
grasshoppers and the rose bug have frequently been requested.
Some unusual subjects of correspondence have been with ref-
erence to borers in furniture, the iris borer and fleas. Maggots
of the screw-worm (Compsomyia macellaria Fab.), taken from a
human ulcer, have been received, and lady beetles were sent in,
captured, it was stated, feeding on tent caterpillar larvae.
The strawberry crown girdler {Otiorrhynchns ovatus L.) ap-
peared last spring in enormous numbers in a forest nursery in
the State, causing an estimated loss of over $15,000. Its work
was first noticed in beds of two-year-old white pines, the tops
of the plants turning brown. Examination showed that the
larvae had girdled the stems and roots of the plants at from one
to three inches below the surface of the ground. The trouble
was reported to this department on the 13th of May, and a
visit to the infested areas was made on the 15th. At that time
entire beds of the trees, perhaps ten feet in width by thirty or
forty in length, were without a living tree, and as these were in
rows about three inches apart and about an inch apart in each
row, the number of dead trees was very great. The pines in
these beds were about six inches high. Quite a large number of
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beds were in this condition and others were more or less affected,
while larger trees in blocks also showed considerable infestation.
It was noticed that the attack was most severe on the higher
parts of the land which, though approximately level, varied six
or eight feet perhaps from the lowest to the highest points, and
that the soil of these higher portions was lighter and more
sandy than on the rest of the area. In many cases a spread
from a completely infested bed to those adjoining was evident,
the space between being in most cases not over a foot in width.
White pine was not the only variety attacked, injury to the red
pine, Scotch pine, Juniperus virginiana, blue, Douglass and Nor-
way spruce, and even to sugar maple seedlings of the two-leaf
age being very evident, and in many cases severe.
At the time of the first visit the larvae were evidently nearly
mature, and most of them pupated within two weeks thereafter.
Beetles were appearing by the middle of June, and were at their
maximum abundance about the seventh of July.
The eggs proved very difficult to discover, but a few were
observed before the end of July and a few larvae appeared later,
but owing to the impossibility of continued field observations
after the end of that month the further history of the insect
during the season was not followed. The superintendent of the
nursery, however, carefully watched for larvae all through the
season, but found few. These were in some cases observed late
in the fall.
From the evidence thus far at hand it would seem that in
this infestation at least some portion of the larval feeding was in
the fall and was resumed in the spring, and also that the adult
period of life of the insect extended over several months. It is
hoped that if the outbreak is still in progress in 1916 further
studies of the life history of the insect can be made.
At the time of the first visit to the nursery it was evident
that pupation would soon take place, and it was, therefore, ad-
vised that the beds affected be entirely stripped of all plants
and thoroughly cultivated every two or three days, both in
order to remove all food from the larvae and to break up the
pupal cells formed at pupation. Examination of beds thus
treated afterwards showed numerous dead pupae, but also in-
dicated that some larvae, at least, pupated lower than a harrow
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would reach, and plowing once or twice to reach the more
deeply placed pupse was also suggested.
Later, when the beetles emerged, trapping methods were
resorted to with considerable success. Boards, burlap and weed
piles placed in the rows between the beds ill gave their quota
ol* beetles, but the weed piles proved most effective, more being
taken under them than under boards and burlap together. The
traps were most effective during hot, dry weather, few being
taken under them on cloudy, damp days.
To prevent the insects from laying their eggs near unaffected
trees in the blocks, the ground immediately around the stems
was heavily sprayed with one pound of whale-oil soap in four
gallons of water; with kerosene emulsion; and with Black-leaf
40 in different parts of the nursery, in the hope that these
• materials would act as repellants. It was also advised that the
beds cleared of plants be not reset until after the adult beetles
had disappeared, so that there should be no inducement for
egg-laying there. The results of these treatments cannot be
determined with any certainty before the spring of 1916.
Daring these investigations Dr. Hopkins of the Section of
Forest Insect Investigations of the United States Bureau of
Entomology, and one or two of his assistants also visited the
nursery, and the recommendations for treatment were gone over
and considered by them also, the two offices co-operating in the
investigation.
All the regular lines of investigation have been continued, and
it is believed that with the season of 1916 some may be com-
pleted and attention given to other problems awaiting study.
Progress in them all has been as satisfactory as could be ex-
pected when the amount of time available for the purpose, with
the working force provided, is taken into consideration. At the
present time this working force is about equivalent to the entire
time of one man, who must attend to the station correspond-
ence; conduct all the rearing of specimens sent in as causing
trouble which cannot be identified in the stage in which they
are received; apply several thousand sprays under varying tem-
peratures and humidities to eight or ten different kinds of trees
at some distance from headquarters, and visit them three or
four times on succeeding days to ascertain results; give various
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experimental treatments for insect control to plants, often a
considerable distance from his office and source of supplies;
visit plants of certain kinds to ascertain at just what time of
year certain insects on them change into other stages where
control can be effective; and, finally, to keep full records of all
this work and bring the results into shape for permanent preser-
vation and publication. With such a list of duties (and this is
by no means complete) large results speedily obtained can hardly
be expected.
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DEPARTMENT OF AGRICULTURAL ECO-
NOMICS.
A. E. CANCE.
Two lines of work were authorized by the experiment station
committee: one an investigation into agricultural insurance, to
be carried on largely by correspondence with other States, and
the other an investigation into the cost of distributing onions or
tobacco, or both.
Regarding agricultural insurance, requests were sent to several
States in the Union in the endeavor to ascertain the amount
and kind of agricultural insurance that was written in these
States. The results of this inquiry have not been tabulated,
but in general we find, first, that there is little or no live stock
insurance except insurance on race horses or on high-grade ex-
hibition stock when shipped to shows. There are two or three
mutual companies doing a little along these lines, but they have
few precedents to guide them, and are still in the dark as to the
amount of premiums or the possible losses.
Very little livestock insurance is written in New England.
Three companies, two in New England and one in Illinois, are
engaged in the business of insuring animals. Their rates are
high, 10 per cent, per annum, — too high for the average
farmer. There is a third company which has recently entered
this field in New England, and which, consequently, lacks ex-
perience. It insures stock against both disease and accident.
Owing to certain peculiarities in the laws of Massachusetts, it
can do only a casualty business in this State. This company
insures packing house cattle on the way to market, and reports
it has been picking up a good business in this line, especially on
the stock shipped to the Boston packing houses.
Hail insurance of tobacco is also a comparatively recent
development in agricultural insurance, although it is much bet-
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ter known in New England than live stock insurance. A num-
ber of companies write this insurance, charging a rate of 5 per
cent, whatever the period of insurance. Despite the high rate,
the growers are availing themselves of this protection rather
generally', and, apparently, are very well satisfied with the
services rendered. For this sort of insurance the year 1915 was
very disastrous, especially to those companies whose business is
confined to local territory. The amount of the hail insurance
policy is limited to the cost of grovving the crop, and adjust-
ments of losses are made on this basis. The farmer may take
out insurance for $100, S150 or $200 per acre. If the crop is
one-half insured he receives one-half insurance, etc.
Second, as to methods and cost of distributing onions in the
Connecticut valley. One or two men have been employed on
this investigation, practically from July to December. The in-
vestigation of the production and distribution of Connecticut
valley onions is practically completed and the bulletin will be
issued soon.
The first part of the investigation shows the gro^^th and
extent of the onion industry in the United States and Massa-
chusetts, and the place of the Connecticut valley onion in the
commercial onion-growing belt. It also describes briefly the
method of culture and some of the specific problems confronting
the onion grower.
The second part deals with the problems of distribution,
preparation for market, storage and transportation. The data
collected cover at least two full seasons and are complete enough
for comparative studies of acreage, yield, cost of production,
cost of handling, storage, shrinkage, competition in the prin-
cipal markets, periods of shipments and prices.
Data for the year 1914 show that 8 towns in Franklin County
and Hampshire County had an onion acreage of 3,965, which
yielded approximately 1,900,000 bushels. Of this, 60 per cent,
was marketed directly from the field or temporary storage
before November 4; the other 40 per cent, was kept in storage
for later sale. Practically all the onions are out of the farmers'
hands by Thanksgiving.
There are some thirty onion storages in the valley, with a
capacity of about 600,000 bushels. Shipments from these begin
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about December 1, but are heaviest in March. To produce and
market a bushel of onions costs from 36.6 to 40.6 cents. The
cost of storage, inchiding shrinkage (6.6 cents), to the local
storage man is about 1-4.6 cents per bushel. Rented storage
costs 14 cents per 100 pounds if the farmer does his own work,
and 25 cents per 100 pounds if the storage man does all the
work after the onions are delivered at his warehouse. At least
75 per cent, of the total crop is bought by eight dealers. The
chances for gain by holding onions in storage are good in view
of the fact that a four-year average (1911-15) shows that the
March price was 51 per cent, higher than the September and 61
per cent, higher than the October price.
Connecticut valley onions are shipped to all the principal
markets of New England. A large number go to Canada and
the ]Middle States, especially New York, ]Maryland, and Penn-
sylvania as far west as Pittsburg. Still others, because of
special transportation rates and superior quality, compete suc-
cessfully with the Ohio muck onions in the leading markets of
the south.
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DEPARTMENT OF METEOROLOGY.
J. E. OSTRANDER.
During the past year the work in meteorology has followed
largely along the lines of former years. The various weather
phenomena have been systematically observed and the records
carefully arranged for ready reference. The several self-record-
ing instruments have been kept in working order and their
records transcribed in the yearbook for permanent preservation.
A summary of the more important records has been published
each month in a monthly bulletin, with such comm^ents on the
general character of the weather as seemed called for by a com-
parison with the normals for this station.
The co-operation with the United States Weather Bureau has
continued throughout the year, and their forecasts have been
received and the proper signals displayed from the flagstaff on
the tower. The special weekly snow reports are being furnished
the Boston office this year as heretofore.
Numerous inquiries regarding the weather conditions on cer-
tain dates have been received from farmers, scientific investi-
gators, shippers and others, and in practically all cases we have
been able to furnish the data called for.
BACILLARY WHITE DIARRHEA (BACTERIUM
PULLORUM INFECTION) IN YOUNG
CHICKS IN MASSACHUSETTS.
By G. EDWARD GAGE and BERYL H. PAIGE
{Department of Veterinary Science)
Massachusetts Agbicultukal Experiment Station.
Purpose.
The object of this paper is to set forth the facts concerning bacillary
white diarrhea of young cliicks, together with a discussion concerning its
cause, distribution, diagnosis and economic importance in the State of
Massachusetts. It includes, also, the results obtained from the work of
the Department of Veterinary Science in applying the macroscopic agglu-
tination test as a means of detecting adult hens which may be the source
of infection.
Brief History of Disease.
In 1900 Rettger^ reported a peculiar ailment of hen-hatched chicks,
and isolated from the liver and spleen an organism, pure cultures of which,
when inoculated into healthy chicks, resulted in a reproduction of the
disease; he was able to recover the organism from the internal organs of
the dead chicks. In 1901 he ^ again reported a serious epidemic occurring
on three adjoining farms and involving hundreds of chicks, all of which
were hen-hatched. About 80 per cent, of the total flocks died, all exhibit-
ing symptoms similar to those of the first epidemic. The organism was
isolated, and inoculation experiments were again successful.
In 1908 Rettger and Harvey, ^ and in 1909 Rettger* alone, reported
work carried on in connection with other epidemics showing that
the organism was recovered and the disease successfully reproduced.
They also described the details of attempts to transmit the disease. At
this time the organism was designated Bacterium pullorum.
In 1909, after having carried on extensive co-operative experiments
with Professor Stoneburn at the Storrs Agricultural Experiment Station, ^
1 Rettger: "Fatal Septicemia in Young Chicks." New York MedicalJournal, Vol. LXXI.,
1900, p. 803.
- Rettger: "Fatal Septicemia in Y'oung Chickens." New Y'ork Medical Journal, Vol. LXXIII.,
1901, p. 267.
' Rettger and Harvey: "Fatal Septicemia in Y'oung Chickens or White Diarrhea." Journal
of Medical Research, Vol. XVIII., 1908, pp. 277-290.
* Rettger: "Further Studies on Fatal Septicemia in Y'oung Chickens or White Diarrhea."
Journal of Medical Research, Vol. XXI., 1909, pp. 115-123.
5 Rettger and Stoneburn: "Bacillary White Diarrhea of Y'oung Chicks," Bulletin No. 60,
Storrs Agricultural Experiment Station.
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it was found that the original source of the infection was th'e hen. Eggs
from infected liens contain the organism in the yolks; chicks produced
from infected eggs have the disease when hatched. The disease may be
spread through the medium of infected food and water.
In 1911 Gage^ thoroughly investigated the matter of Bacterium pullorum
infection and fully substantiated the work of Rettger and Stoneburn
already cited, — that "white diarrhea," as poultrymen understand it,
is a bacillary disease caused by Bacterium pullorum, and that the hen is
the original source of infection, transmitting the organism from the ovary
to the eggs. At that time the author, from the material received at the
laboratory, concluded that most of the white diarrhea of chicks is bacillary
white diarrhea, caused by the same organism isolated by Rettger and
designated Bacterium pullorum.
Jones ^'^ also concluded that Bacterium pullorum produced fatal septi-
cemia or bacillary wliite diarrhea in young chicks; and that they are most
susceptible during the first twenty-four hours of hfe. Bacterium pullorum
was found in the egg.
From the work of these investigators the conclusions are justifiable
that Bacterium pullorum can produce a wliite diarrhea; the hen is the
original source of infection; and that the disease may be transmitted from
the ovary to eggs for hatching. The carrier proolem thus is one of great
importance. The question also arises as to how ovarian infection may be
brought about. Experiments* were conducted for tliree years at the
Storrs Experiment Station concerning this point, and one question which
was answered positively by the results of this work and substantiated
here in Massachusetts was, "Do chicks which survive an attack of bacil-
lary white diarrhea become permanent carriers of the disease?" The
results here at the Massachusetts Agricultural Experiment Station, and
those from the experiment station at Storrs, are very decisive, and demon-
strate that pullets infected as chicks may become permanent bacillus
carriers. The three plates accompanying show graphically the cycle of
infection, and picture normal and infected ovaries.
At this time it is important to state that in substantiation of the work
of the Connecticut station on this point this department has been success-
ful in several instances in isolating Bacterium pullorum from eggs laid by
a Silver Penciled Wyandotte, the sole survivor of a large number of day-
old chicks which were submitted to Bacterium pullorum infection.
Jones 5 suggested and used successfully an agglutination test for detect-
1 Gage: "Notes on Ovarian Infection with Bacterium pullorum (Rettger) in the Domestic
Fowl." Journal of Medical Research, Vol. XXIV., No. 3 (New Series, Vol. XIX., No. 3), pp.
491-496, June, 1911.
2 Jones: "Annual Report of the New York State Veterinary College," Ithaca, N. Y., 1910,
p. 111.
3 Jones: "Annual Report of the New York State Veterinary College," Ithaca, N. Y., 1910-11,
p. 69.
* Rettger, Kirkpatrick and Jones, R. E.: Bulletin No. 77, Storrs Agricultural Experiment
Station.
^ Jones, F. S.: Journal of Medical Research, Vol. XXVII., No. 4 (New,Series, Vol. XXII., No.
4), pp. 481-495, March, 1913.
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ing this infection. Gage ^ and Rettger ^ have also used and apphed it with
good results, both in diagnosing the infection and as a basis for control
and eradicating the infection from breeding flocks.
Establishment of Methods for detecting Carriers of the Disease.
Since it has been shown conclusively by the workers quoted above that
infected ovaries constitute the real source of infection in bacillary white
diarrhea of cliicks, the basis of prevention rests to a great extent upon
this significant fact. Then, too, the work already cited has exhibited the
scientific proof which shows that chicks surviving an attack of bacillary
white diarrhea may become permanent carriers.
Attempts have been made to apply various tests for locating this infec-
tion in adult hens, but the macroscopic agglutination test, as noted above,
which is discussed later in tliis paper, has proven reliable and practical
for testing the blood of mature stock. The results reported in Bulletin
No. 148 of this station, together with those reported from Cornell and
Connecticut, demonstrate that the value of the macroscopic agglutination
test can no longer be doubted. It furnishes a practical method of diag-
nosing infection in adult hens. It is inexpensive and reliable, and up to
the present time nothing has occurred to detract from the merits of the
test. In the hands of properly qualified persons, and carried out under
observation of the laws of pathology, both from the standpoint of the
study of disease and eradication of disease, as indicated by our records
to date, it is fast proving to be more and more valuable as a means of
detecting birds which may be a source of infection to young day-old chicks.
Therefore, with tliis consideration, nothing should stand in the way for
proper authorities to make it possible for the present workers in this field
to continue this important work and apply the test extensively throughout
Massachusetts, and aid in ridding breeding flocks throughout the State
of these permanent carriers of Bacterium puUvrum. Backed by our
present data from the laboratory, this work could be carried on with
every promise of success.
Infection in Massachusetts.
The establishment of such important facts in regard to bacillary white
diarrhea as its cause, original source, and mode of transmission, and the
perfection of a test which is able to detect the sources of the disease, are
subjects which have been referred to in an earlier part of this paper. The
question which confronts the poultryman of Massachusetts is, ''Does
baciUary white diarrhea exist to any extent in Massachusetts?" In reply
to this question we set forth the data that we have obtained up to date,
as well as the methods used in procuring them.
1 Gage: "On the Diagnosis of Infection with Bacterium pullorum in the Domestic Fowl."
Massachusetts Agricultural Experiment Station, Bulletin No. 148, April, 1914.
2 Rettger: Storrs Agricultural Experiment Station, Bulletin No. 77, June, 1914, p. 272.

NORMAL OVARY
Reproduced from Storrs Agricultural Experiment Station, Bulletin 77, Storrs, Conn.
INFECTED OVARY (B. pullorum)
Reproduced from Storrs Agricultural Experiment Station, Bulletin 77, Storrs, Conn.
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Methods used in locating and eradicating Infection.
As the presence of Bacterium pullorum infection in a flock is strikingly
indicated by the death of a large number of young chicks, it is to be ex-
pected that the location of the disease can be readily determined by the
examination of chicks which have died. It is by this means that we have
obtained data in regard to most of the infected areas in the State. In two
cases, however, the flock owners, believing from their cliick losses that
bacillary white diarrhea existed in their flocks, asked to have their adult
birds tested without sending chicks for preliminary examination. Results
of the agglutination tests gave proof that the disease was present in these
flocks.
Methods used in Examination op Chicks.
In examining dead chicks wliich have been received in the laboratory
the following procedure is employed: The general appearance of chicks
when they are received is noted. Each chick is numbered and that number
recorded, so that individual records are kept on the examination of each
bird. They are then pinned, by wings and feet, ventral side upward, to
a sterile dissecting board, the feathers are removed by singeing with a gas
flame, and the abdominal and thoracic organs exposed by cutting through
the walls of these cavities. At tliis time any internal pathological features
— i.e., the color of liver, size, consistency and color of the unabsorbed yolk
(if present), appearance of the ceca, etc.— are noted. Employing the usual
methods to prevent outside contamination, tubes of sterile agar-agar are
inoculated with material from such organs as the heart, liver, unabsorbed
yolk and intestinal tract, and the tubes are allowed to stand in the incuba-
tor at 38° C. until sufficient time has elapsed to insure the growth of Bac-
terium pidlorum, if present. Material in all tubes is then carefully ex-
amined for tliis organism and the findings recorded. When Bacterium
pullorum is found, a culture of it is retained in the laboratory under an
individual retention number, and thus may be used for future reference.
Since February of this year our records show that between 700 and 800
chicks, the majority of them dead, have been received for examination.
In some cases, however, live ones have come for observation, and these
have been placed under favorable conditions and given the food best
suited to their ages. Any that died have been examined according to the
method given above.
Summary of Data secured by Chick Autopsies.
To summarize briefly the areas in the State in which the above method
has shown that infection exists we refer to Map I. As we mentioned
before, all localities showing infection, with the exception of two flocks
in which the presence of the disease was detected by the agglutination
test, have been determined by the examination of dead chicks.
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The Agglutination Test.
While the macroscopic agglutination test is of service in the location of
bacillary wliite diarrhea infection, its greatest importance lies in the part
it plays in the eradication of this disease by detecting in a breeding flock
adult birds which are acting as carriers of the organism Bacterium pullorum.
In spite of the fact that a detailed account of this test for the detection
of adult birds which are harboring or have harbored Bacterium -pullorum
infection has been presented in an earher bulletin (Gage, Geo. Edward:
Bulletin No. 148, 1914, Massachusetts Agricultural Experiment Station.
"On the Diagnosis of Infection with Bacterium pullorum in the Domestic
Fowl"), we wish to review briefly the important points of the method,
especially in relation to the work carried on during the last few months.
As the reader of our earlier bulletin will remember, the two important
biological factors necessary for making the macroscopic agglutination
test are (1) a test fluid containing a suspension of the organism causing
the disease Bacterium pullorum, and (2) a sample of blood serum from the
individual to be tested, and the test is based on the fact that the blood
sera of infected and non-infected birds when mixed with the test fluid
react differently. The serum of the former, because of the presence of an
agglutinin, a substance formed in the body of the bird because of infection
with Bacterium pullorum, is capable of producing, when brought in con-
tact with a suspension of the organism, a clumping together of the bacteria,
a phenomenon which blood from non-infected birds does not show.
Test Fluid.
As earlier experiments have shown that a polyvalent test fluid is better
suited for laboratory routine than a monovalent one (Bulletin No. 148,
pp. 15, 16), we selected for our work the following strains of Bacterium
pullorum,:—
Strain 1. — Isolated March, 1914, from chick received from central
Massachusetts.
Strain 2. — Isolated summer of 1913 from chick inoculated experi-
mentally with Bacterium pullor^im isolated from egg from eastern Massa-
chusetts.
Strain 4. — Isolated from chick from eastern Massachusetts.
Strain 5. — Original strain of Bacterium pullorum, isolated 1911 from
chick in Maryland.
Strain 6. — Isolated spring of 1914 from Massachusetts material sent
to laboratory.
These gave us representative cultures from several localities, and all
test fluids have been mixtures of four or all these strains.
These cultures were studied to make sure of their purity, grown in large
quantities on agar-agar at a temperature of 38° C, and the growth washed
off in a carbolated sodium chloride solution (0.85 per cent. NaCl solution,
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1 per cent, glycerine, 0.5 per cent, phenol). The resulting cloudy fluid
was then well shaken, .filtered through cotton, tested and preserved on
ice. In case any bottle of test fluid was not used immediately it was re-
tested before using it for diagnostic purposes.
Methods of drawing and treating Blood Samples.
In drawing blood samples from the birds tested we have found it con-
venient to make use of some sort of impro\dsed table upon which the birds
can be laid; and, at the same time, small collecting tubes, absorbent cotton
and carbolic acid can be arranged within easy reach.
The hen is laid on her back on the table, with one wing projecting over
the edge; the feathers are quickly removed from a small area on the under-
side of the wing, so that the course of the wing vein may be seen clearly,
and the region washed with absorbent cotton wet with 2.5 per cent, car-
bolic acid. With scissors, or a sharp knife, a cut is then made in the vein
near the outer bend of the wing, wliich is slanted in such a way that the
blood flows directly into small sterile tubes. After a small amount (2 to
3 cubic centimeters) has been collected the cut is washed again with car-
bolic acid, and fresh, dry absorbent cotton is pressed against the wound
to check the flow of blood. With the cotton still under the wing the bird
is placed gently on the floor of the pen, and, in most cases, there is no
trouble with further bleeding. In the few instances where the blood has
not ceased flowing immediately additional pieces of absorbent cotton,
pressed over the incision and left under the wing, have been sufficien* to
stop bleeding. The tube in wliich the blood has been collected is then
plainly marked with the number of the hen from which it came, tightly
corked and set away to clot.
After all samples are collected from the flock the tubes of blood are
taken to the laboratory and set on the ice until the clots are well formed.
They are then removed from the sides of the tubes and broken up by
means of sterile brass strips, one of which is in each collecting tube. After
remo\dng the brass strips it is customary to place the samples again on
ice over night. By morning the serum appears in appreciable quantities
above the clot, and, after centrifugahzing the contents of each tube, it
may be easily pipetted from the collecting tube into a sterile bottle in
which it is diluted ]-20 with sterile 0.85 per cent, salt solution, and kept
on ice until needed for further work.
Making the Agglutination Test.
For these tests small test tubes 100 millimeters long and 10 millimeters
cahber have been employed. In the majority of cases three tubes have
been used for each individual tested, two of the tubes containing 1.5
cubic centimeters test fluid and the third, 1.5 cubic centimeters carbo-
lated salt solution for a control. In tube No. 1 has been placed 0.3 cubic
centimeters diluted blood serum, making a final dilution of serum, 1-100;
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in tube No. 2, 0.15 cubic centimeters serum (final dilution 1-200), and in
tube No. 3, 0.3 cubic centimeters diluted serum. In some cases a third
tube of test fluid has been used with a 1-500 dilution of serum. AU tubes
have been labelled with hen numbers, dilution of serum contained, and
shaken to afford thorough mixing of the test fluid and serum. In each set
of tests one tube containing test fluid alone has been placed as a second
means of controlling the results. At this point the tubes have been set
in the incubator at 3S° C., and readings have been made at the end of
twenty-four, forty-eight and seventy-two hours.
In tests made on infected flocks reacUngs of the tubes showed that in
some containing test fluid and serum, fine, flakelike masses had settled
to the bottom and sides, leaving the supernatant fluid clear. In other
tubes the mixture of test fluid and serum remained hazy as it was at the
time tests were set up, and no flaky sediment appeared. In the first case
it is evident that the serum contained an agglutinin which had caused
the agglutination of the bacteria of the test fluid, and all birds with sera
reacting in such a way have been reported as positive reactors.
For aU flocks tested record cards of all details have been filed, the mate-
rial including, in addition to records of hen numbers and all readings of
tubes, such data as date of drawing of blood samples, date same have been
received in laboratory, their condition, and notes on the test fluid. From
these records, at the conclusion of the tests, a complete report can be sent
to the owner of the flock. In these reports a hst of the numbers of all
hens tested has been sent, the numbers of positive reactors being preceded
by a red star. Together with this list has been sent a reconamendation
to be followed in the eradication of infection from the flock. In addition
to the above data the laboratorj^ record cards include data received from
the owner concerning the results he has attained from tested stock.
Data secured from Agglutination Tests.
In organizing for publication the data gained up to the present time
from our work with the agglutination test it has seemed wise to divide a
map of the State of Massachusetts into districts, and, using these districts
as units, to make a chart showing the results of the agglutination tests on
representative flocks in these areas.
This chart gives the number of the district from which the flock has
been chosen, — this number corresponding to number of district on map,
— the laboratory number of each bird, owner's number of bird, results of
the tests in dilutions 1-100 and 1-200 (— indicates a negative, -{ a posi-
tive reaction), total numbers of individuals tested in flock, number reacting
positively, and percentage of positive reactors. In this way it will be possi-
ble for poultrymen in the various districts to get complete data from
representative flocks.
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Chart showing Results of Agglutination Tests for Bacterium Pullorum
Infection in Blood of Breeding Flocks. These are Representative Flocks
chosen from Districts of Massachusetts.
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Chart showing Results of Agglutination Tests, etc. — Continued.
District 1 — Continued.
Laboratory
Number.
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Chart showing Results of Agglutination Tests, etc. — Continued.
District 1 — Continued.
Laboratory
Number.
12 MASS. EXPERIMENT STATION BULLETIN 163.
Chart shoiving Rtsults of Agglutination Tests, etc. — Continued.
District 1 — Continued.
Laboratory
Number.
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Chart showing Results of Agglutination Tests, etc. — Continued.
District 1 — Continued.
Laboratory
Number.
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Chart showing Results of Agglutination Tests, etc. — Continued.
District 1 — Concluded.
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Chart sJiowing Results of Agglutination Tests, etc. — Continued.
District 2.
Laboratory
Number.
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Chart showing Results af Agglutination Tests, dc. — Continued.
District 2— Continued.
Laboratory
Number.
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Chart
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Chart showing Results of Agglutination Tests, etc. — Continued.
District 2— Continued.
Laboratory
Number.
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Chart shcnving Results of Agglutination Tests, etc. — Continued.
District 2— Continued.
Laboratory
Number.
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Chart showing Results of Agglutination Tests, etc
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Chart showing Results of Agglutination Tests, etc. — Continued.
District 2— Continued.
Laboratory
Number.
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Chart showing Results of Agglutination Tests, etc. — Continued.
District 2— Continued.
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Chart showing Results of Agglutination Tests, etc. — Continued.
District 2— Continued.
Laboratory
Number.
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Chart showing Results of Agglutination Tests, etc. — Continued.
District 2— Continued.
Laboratory
Number.
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Chart
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Chart showing Results of Agglutination Tests, -etc. — Continued.
District S— Continued.
Laboratory
Number.
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Chart showing Results of Agglutination Tests, etc. — Continued.
District 3— Continued.
Laboratory
Number.
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Chart showing Results of Agglutination Tests, etc. — Continued.
District 3— Concluded.
Laboratory
Number.
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Chart showing Results of Agglutination Tests, etc. — Continued.
District 6— Continued.
Laboratory
Number.
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Chart showing Results of Agglutination Tests, etc. — Continued.
District 5— Continued.
Laboratory
Number.
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Chart showing Results of Agglutination Tests, etc. — Continued.
District 5— Continued.
Laboratory
Number.
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Chart showing Results of Agglutination Tests, etc. — Continued.
District 5— Concluded.
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Charl showing Results of Agglutination Tests, etc. —• Continued.
District 6— Continued.
Laboratory
Number.
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Chart showing Results of Agglutination Tests, etc.
District 6— Concluded.
Continued.
Laboratory
Number.
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Chart showing Results of Agglutination Tests, etc. — Continued.
District 7 — Concluded.
Laboratory
Number.
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Chart showing Results of Agglutination Tests, etc
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Chart showing Results of Agglutination Tests, etc. — Continued.
District 8— Continued.
Laboratory
Number.
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Chart showing Results of Agglutination Tests, etc.
District 8— Continued.
Continued.
Laboratory
Number.
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Chart showing Results of Agghdination Tests, etc. — Continued.
District 8— Continued.
Laboratory
Number.
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Chart showing Results of Agglutination Tests, etc
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Chart showing Results of Agglutination Tests, etc
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Chart showing Results of Agglutination Tests, etc. — Continued.
District 8— Continued.
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Chart showing Results of Agglutination Tests, etc. — Continued.
District 8 — Continued.
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Chart showing Results of Agglutination Tests, etc. — Continued.
District 8— Concluded.
Laboratory
NumDer.
BACILLARY WHITE DIARRHEA IN YOUNG CHICKS. 45
Chart showing Results of Agglutination Tests, etc.— Continued.
District 10— CoDtinued.
Laboratory
Number.
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Chart showing Results of Agglutination Tests, etc. — Concluded.
District 10— Concluded.
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and most enthusiastic poultry raisers in the State of Massachusetts in
both Hues. The results obtained indicate that infection is found in all
tjT^es of breeding birds. — utility, fancy, birds raised in the State, birds
brought into the State from other States, — and we have found it in stock
which has been sent in from Europe.
Results of Application of these Methods for preventing and
ERADICATING BaCILLARY WhITE DiARRHEA OF YoUNG ChICKS.
After studying the charts it can be seen that in all districts of Massa-
chusetts the organism has been found in young chicks, and also laying
hens have been tested and found to be infected. For example, in District
1 a representative flock contained 50 per cent, of positive reactors, which
would indicate that throughout this whole district the infection was
general. In District 5, representative flocks showed that 22.1 per cent,
of breeding birds were infected. From this we are led to believe that there
is only a moderate degree of infection, but examination of dead chicks
from this area of the State indicates heaxy infection. In District 8, 17
per cent, of the breeding birds were infected in the representative flock
chosen. From our work on chick examinations we are led to believe that
this is indicative of the conditions in this locality. These results need no
comment. They at least show that bacillary white diarrhea is widely
distributed. They show, also, that being so generally scattered over the
various areas of the State poultrymen should be made aware of its preva-
lence and walling to co-operate in every waj^ to stamp it out.
It can be easily seen that in order to do this eggs used for hatching must
come from sound, uninfected stock. This really is the only basis for im-
provement. The infected individual must be sought and eliminated from
the breeding flock.
At the present time poultry raisers may feel that their labors are hope-
less if white diarrhea should make its appearance in their young cliicks.
It is not the object of this paper to discourage present and prospective
poultiy raisers, but, with our methods of study, detection and control of
this disease, to encourage greater effort in the industry. By thorough
co-operation of poultrymen and laboratory workers a great improvement
in raising young cliicks must follow.
This infection is readily transmitted through eggs, day-old chicks and
mature stock. Therefore, to insure against the infection poultrymen
should buy only from stock known to be free from the infection. If all
breeders would have their birds tested, and infected birds eliminated,
their customers would be insured against buying infected stock. In other
words, all stock should bear a stamp indicating tested and found negative.
Wherever the blood test has been made and the positive reactors elim-
inated a marked improvement has resulted in the young chicks hatched
thereafter. Every poultryman co-operating with the Department thus
for the improvement of his flock conditions by these methods has been
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convinced that conditions have improved. All are unanimous in placing
their stamp of approval upon the work thus far conducted, and all hope
the work in connection with the problem of eradication may be carried
through to a successful finish.
We believe that the results both of our scientific work and of its practical
application may be confidently depended upon and that examination will
convince even the most skeptical. Poultrymen who have suffered great
losses wiU be unanimous in supporting the views of workers in this De-
partment; i.e., that it is possible to rid Massachusetts for the most part
of this disease, and that a campaign should be organized against bacillary
white diarrhea infection.
The problem of eradicating Bacterium pulloriwi infection involves
organization, clerical detail and a constant observation of the laws govern-
ing the study and progress of disease. It is a problem in practical pathol-
ogy, and can be solved only by the pathologist and poultryman co-operat-
ing. The methods of the laboratory play an important part in the
campaign. Therefore, intelligent, efficient and conscientious co-operation
of all concerned is essential for success.
To efiiciently handle the situation the work of the campaign must be
centered in a strictly scientific atmosphere, since it requires pathological
organization, efficient laboratory analyses and record keeping based on
such knowledge. Therefore, if funds are provided, the Department of
Veterinary Science with its laboratory equipment already established
would be in a position to continue the work to help eliminate domestic
fowls in the State of Massachusetts carrying Bacterium puUorum infection,
which has been the cause of great mortalitj^ of j^oung cliicks.
DEPARTMENT OF CHEMISTRY.
Part I.
SUBSTITUTES FOR MILK IN THE REARING
OF DAIRY CALVES.
BY J. B. LINDSEY.
INTRODUCTION.
With plenty of whole or skim milk available the rearing of dairy calves
is a comparatively simple matter, providing one pays attention to such
important details as clean pails, clean stalls, clean bedding and uses
care in feeding. In such a State as Massachusetts, however, the price
of whole milk renders its economical use in any quantity as a food for
calves prohibitive, v/hile skim milk is to be had only in quite hmited
amounts except in the immediate vicinity of the comparatively few
creameries located west of the Connecticut River.
This lack of milk renders it very necessary that some substitute be
provided if the dairyman is to raise his heifer calves in a satisfactory way.
It is well known that the stomach of the calf is very sensitive during the
first few months of its life, and it is doubtful if any substitute can be
found or compounded which will completely take the place of milk.
Numerous substitutes in the form of calf meals have been suggested,
among which may be mentioned Liebig's Calf Soup,^ Hansen's Potato
Meal and Barley Malt, ' and Hayward's Calf Meal.^ Several proprietary
mixtures are also to be noted, such as Lactina Suisse, * made in Switzer-
land; Bibby's Cream Equivalent, made in England; Blatchford's, Schu-
macher's and other calf meals, made in this country.
RESULTS OF EXPERIMENTS MADE AT THIS STATION. -»
In the experiments reported, whole milk has been charged at 5 cents
a quart, skim milk at .65 cent a quart, ordinary grain mixtiires at 1.6
cents a pound, hay at $10 a ton,^ and the calf meals at market price or
actual cost of preparation.
1 Kellner's Ernahrung d. Landw. Nutzthier., sixth ed., p. 283.
2 Penn. Exp. Sta. Bui. 60.
3 Cornell Exp. Sta. Bui. 269.
* Including citations from other experimenters.
5 Assumed to be the cost of production.
50 MASS. EXPERIMENT STATION BULLETIN 164.
I. Calves fed Whole Milk, Skim Milk and Ordinary Grains.
The station began to rear its own dairy calves for the purpose of re-
plenishing the station herd as early as 1903. The method at that time
consisted in feeding whole milk for the first week or ten days, then grad-
ually substituting skim milk, until at the end of a month or six weeks
the whole milk was entirely removed. When the calf was a month or
six weeks of age a little flour wheat middhngs was stirred into the miUc,
and a dry grain mixture was also put before the animals. This mixture
usually consisted of equal parts, by weight, of wheat bran, flour middlings
and corn meal. As the calves grew, and took increased amoimts of dry
grain, the addition of middlings to the milk was omitted. The skim-milk
diet was usuallj'' continued until the animals were from six to seven or
eight months of age, the supply of skim milk at the time being liberal.
The calves were usually dropped in the autumn and went to pasture
the next spring.
The following record shows the amounts of the several feeds consumed,
the total food cost, the cost of food for each pound of gain, and the total
gain in weight : —
Results.
Calf.
fe.oS5
.£ ^
'a °
Maud, .
Susie, .
Betty, .
Mibbs,
Lena, .
Red III.,
Betty II.,
Fancy II.,
Fancy III.,
Amy W.,
Average,
164
143
160
264
200
169
138
112
180
110
4,974
4,326
3,796
5,228
2,625
4,400
3,079
4,581
3,765
3,793
301
249
230
301
247
132
60
137
238
114
164 4,145 201
505
858
1,059
420
263
198
390
545
312
$28 18
22 79
23 05
31 96
18 52
20 52
14 35
20 46
23 66
17 29
7.7
6.5
6.1
8.7
9.5
8.6
365
333
328
370
287
235
235
250
200
553 $22 08 7.7 289
1.30
1.40
1.40
1.32
1.43
_i
1.37
.91
.94
.92
1.22
281
237
237
280
200
197
171
258
266
218
235
I Not weighed at end of trial.
The above tabulation shows that the 10 calves, when fed on a com-
bination of whole and skim milk, hay and ordinary grains for an average
of 7.8 months (235 days) after birth, made an average daily gain of 1.22
pounds at a cost of $22.08 a head.
BEARING OF DAIRY CALVES. 51
It is understood that such a Uberal feeding with skim milk could not
be followed excepting in those locahties where skim milk is in Uberal supply.
Thus Fraser (Bulletin No. 164, lUinois Station) states that in the in-
terest of economy all milk may be removed after eight weeks, and the
animals placed upon a diet of mixed grain, clover and alfalfa hay. His
experiments averaged 150 pomids whole milk and 450 pounds skim milk
for each calf. He admits, however, that "when it is possible, more milk
than herein recommended should be fed, as it is always best to keep
the calf in a good growing condition from its birth to maturity. Calves
thus fed were always healthy, and while they were rather thin, from
the time they were eight to twelve or fifteen weeks old, they grew into
good condition later, and made fine healthy heifers."
Morse^ in 1898 fed young calves whole milk, skim milk and flaxseed
jelly, the latter being used as a supplement to skim milk in replacing the
milk fat. The average daily gain of 8 calves for five months was 1.37
pounds, and the total cost for each calf was $9.57. ^VhoIe milk was
valued at $1, skim milk at 20 cents, and flaxseed meal at $3.25 a hun-
dred pounds, much less than at present. Morse states that "flaxseed
meal cannot be used with economy except in the earhest stages of growth,
— the first two or three months, — and whole milk should be discon-
tinued as soon as possible."
Wing 2 fed 12 calves until five months of age on skim milk, hay and
grain, and found that they made an average gain of 1.5 pounds daily at
a cost of about 5 cents a pound. He figured his skim milk at 15 cents a
himdred, hay at $10 a ton and grain at about $30 a ton. He fm'ther con-
cluded that the food cost of rearing a calf to five months of age is from
$12 to $15. The fact that the calves fed under his supervision made a
somewhat larger daily gain than ours at a less daily cost is due partly
to the less price charged for the skim milk and to the shorter period (five
instead of eight months). The older the anim.al the greater the cost of a
pound of growth.
II. Calves fed Hayward's Calf Meal.
This meal was compounded as follows : —
Pounds.
Finely ground wheat or cheap flour, ........ 30
Cocoanut meal, ........... 25
Nutrium,
. . . . .
.
, . . . .
.
.20
Linseed meal, ............ 10
Blood flour, ............ 2
Present cost a pound, 4.6 cents.
Ha^-ward employed whole wheat ground by the local miller, St. Louis
flour can also be used. Cocoanut meal ^ contains some 21 per cent, pro-
i Bui. 58, N. H. Exp. Sta.
2 Bui. 269, ComeU Exp. Sta. (1909).
» Sold by the Oil Seeds Co., 35 South William Street, New York.
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teiii and 9 per cent. fat. Nutrium ^ is evaporated sldm milk ground to a
powder. Blood flour is prepared especially bj^ Swift & Co. and Annour
& Co., and costs about 3 cents a pound at Chicago.
Method of Feeding. — The finely ground calf meal was stirred into very
hot water at the rate of 1 pound of meal to 8 pounds of water. The gruel
was fed when milk-warm. Hayward used a caK feeder, but in our case
the animals were taught to drink the gruel. Two thrifty grade Jersey
calves were fed whole milk for about nine days, then skim millc and caLf-
meal gruel gradually substituted, until at the end of three weeks the
whole milk was entirely removed. At the end of five weeks the calves
were receiving only the calf-meal gruel. CaK I. was kept on the gruel
143 days and Calf II. 101 days. CaK II. was not as robust as CaK I.,
and suffered a severe attack of indigestion during the trial, which rendered
it necessary to take away a considerable portion of the meal and to
substitute skim milk until the end of the experiment. While the calves
did not have as sleek an appearance as if raised on a whole milk diet,
they were in thrifty growing condition, and at the end of the trial ap-
peared quite vigorous.
Results.
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average daily gain and food cost per pound of gain do not vary greatly
from our results. Haj^ward comments upon his results as follows : —
While calves made but slight gains when first put upon the calf meal, later they
made as rapid gain as two which were fed a ration of skim milk to which some
grain was added. Those that were fed the calf-meal ration were so nearly like the
skim-mUk calves in condition that it was impossible to tell from appearances which
were and which were not being fed the calf meal. . . .
Those that have been raised upon the calf meal have not been troubled with
scours to any extent, and in this respect no difference could be seen between the
calf-meal and the skim-milk calves. . . .
Some calves appeared to be much more vigorous and thrifty than others, would
take more kindly to the calf meal and do better than their less hardy neighbors.
III. Calves fed Schumacher's Calf Meal.
This meal, according to the manufacturers, is made from the residues
in the preparation of puffed grains, wheat and oat meals, together with
flaxseed meal, cottonseed meal and dried casein. It costs substantially
3.2 cents per pound at retail. It contaias 15 to 17 per cent, protein, not
much over 1.5 per cent, fiber, some 7 per cent, fat, 2 per cent, ash and
about 60 per cent, of starchy matter.
Method of Feeding. — This meal was fed to two grade Holstein calves
and one grade Jersey calf. Instead of following the directions outlined
by the manufacturers, there was added to each 4 ounces of the meal a
little cold water, and the material stirred to a paste. Then very hot
water was added, allowing substantially 1 quart of water to each 4 ounces
of meal, the mixture thoroughly stirred, allowed to cool and fed milk-
warm. The general method of feeding these three calves consisted in
giving whole milk for the fu'st week, then gradually substituting skim
milk and the calf-meal gruel. The whole milk was entirely replaced at
the end of two weeks and the skim-milk and calf-meal gruels substituted.
In case of these three calves 5 quarts of skim milk were fed daily and
continuously as a basal food, together wdth 4 quarts of the calf-meal
gruel. In addition, after some six weeks, dry calf meal and rowen were
placed before the calves, and when some three to four months old the
calves were eating 1 pound of the dry meal daily, at which time the calf-
meal gruel and the skim milk were gradually removed.
Residts.
Calf.
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The calves were in good condition at the end of the experiment and had
made a reasonably fair gain in weight. They probably would have done
well if the amount of skim milk fed daily had been reduced from 5 to 4
quarts, and the calf-meal gruel correspondingly increased.
Wing/ at the Cornell Station, reports the results of two experiments
with feeding Schumacher's Calf Meal. The directions for feeding the
calf meal as put out by the company were followed as accurately as cir-
cumstances would permit.
Wing's Results {Average per Calf).
Nttmber of
Calves.
Total
Food
Cost. 2
Cost of
Food per
Pound of
Gain
(Cents).
Total
Average
Gain
(Pounds)
.
Daily
Gain
(Pounds).
Days in
Trial.
S12 14
14 69
8.1
9.0
150.1
163.0
1.25
1.10
120
150
Wing remarks that "Schumacher's Calf Meal seems to be the best
commercial substitute, in the nature of grain, for skimmed milk on the
market at the present time (1909). It does not appear to be a complete
substitute for skimmed milk, yet the gains from the use of this meal are
good, and the cost of a pound of gain is fairly low."
IV. Calves fed Blatchford's Calf Meal.
We have not suflficient data to warrant any positive expression of
opinion, it being fed to one calf only, — a vigorous grade Holstein. It
did not seem advisable to feed the meal exclusively for the first three
months of the calf's life, hence 4 quarts of skim milk were fed daily, and,
in addition, what meal the calf would take, made into a gruel with hot
water, and the mixture fed lukewarm. After it had reached the age of
three months the milk was removed and the calf meal was given as the
only food for six weeks, during which time it gained an average of 1.15
pounds daily, and did not suffer any digestive disturbances. This calf
has made an excellent cow, and is known as Samantha. It was noted
that the calf at first objected to the odor or taste of the meal, although
no serious difficulty was encountered in inducing the animal to take it.
At the present time its cost is about 3^ cents a pound, and it is composed,
according to the manufacturers, of locust bean meal, wheat flour, flax-
seed and linseed meals, cocoanut meal, ground beans and peas, cocoa
shells, recleaned cottonseed meal, fenugreek and salt.
• Already cited.
2 Whole milk was charged at $1.65 and skim milk at 15 cents a hundred; hay at $10 and grain
mixture at $29.55 a ton; the calf meal at $3.50 a hundred.
Fin. 1. -Dai.-y II. .Suliuinaclier'd calf meal.
Fia. 2.— Samantha II. Schumacher's calf meal.
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Wing^ fed the Blatchford meal to two Holstein and two Shorthorn calves,
the average weight of the four at birth being 72 pounds. "The calf gruel
was made by mixing the meal with a httle cold water to avoid lumps, then
enough hot water was added to make a sufficient gruel for the number of
feeds required. The gruel was cooled and warmed again to 90° to 100° F.
before feeding if too cold. When the meal was first fed to the young calf
a tablespoonful of the meal was mixed into gruel in this way and added
to the whole millc. The whole milk was then gradually reduced until
the calf took the meal gruel entirely. The amount of calf meal fed per
day varied from a tablespoonful, fed in the beginning with the whole
milk, up to 2J pounds per day."
Results of Wing's Trials.
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fed daily throughout the trial, lasting 140 days. The gruel was prepared
in the usual way by adding a little cold water to the dry meal and then
approximately 1 quart of boiling water for each 3| ounces of meal. The
mixture was allowed to stand until cool, and was always warmed to 90°
to 100° F. before feeding. In addition to the calf meal fed as a gruel,
after the first tliree months the dry meal and rowen were placed before
the animals and they soon began to eat these readily. At the end of the
140 days the calves were eating daily 4 quarts of skim milk, 18 to 21
ounces of calf meal as gruel, 8 ounces of dry calf meal and 5 pounds of
rowen.
Results.
Fig. 3. — Cecile II. Bibby's cream equivalent.
Fig. 4. — Holstein steer. Bibby's cream equivalent.
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fat. The glucose sugar was incorporated to impart a pleasing taste, and
because it could be readily assimilated. This mixture was fed to two
grade calves.
Results.
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Calves II. and IV. were pure-bred Jersey heifers sent by a breeder.
They were some ten to fourteen days old when received, and it did not
seem necessary to feed them much, if any, whole milk. Calf V. was a
pure-bred Jersey bull. They received from 4 to 5 quarts of skim milk as
a basal ration daily, and frorn 1 to 2j pounds of calf meal daily as gruel.
Calf II. underwent a severe attack of indigestion at the close of the experi-
ment, lost her appetite and became quite emaciated. It was necessary
to put her on an entire diet of skim and whole milk for a month in order
to restore her to normal condition. The cause of the trouble was not
clear.
Lindsey's Calf Meals III. and IV.
Ingredients of III.: —
8 pounds fine corn meal.
10 pounds flour middlings.
142 pounds flaxseed meal.
10 pounds cheap flour.
7 pounds glucose sugar.
i pound salt.
Cost, 3.4 cents a pound.
This meal differed from I. in the increase of the glucose sugar, to note
if the additional sugar had any ill effect on the nutrition of the calf.
Ingredients of IV. :—
10 pounds fine corn meal.
10 pounds flour middlings.
141 pounds flaxseed meal.
15 pounds cheap flour.
i pound salt.
Cost, 3 cents a pound.
This meal differed from the preceding in the removal of the glucose
and in the increase of the flour.
Results.
Fig. 5.— White. Lindsey's calf meal I.
Fig. 6. — Jersey II. Lindsey's calf meal II.

Fig. 7. — Holstein bull. Lindsey's calf meal III.
Fig. S. — Ayrshire hull. Lindse^-'.s calf meal IV.
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until they were 120 days old, when the amount was reduced to 3 quarts
daily. During the fifth month they received as high as 2| pounds of calf
meal daily as a drink. They were both very vigorous calves, and while
they suffered at times from slight attacks of scours, thej grew rapidly.
Lindsey's Calf Meal V.
This meal was made so that it contained a fairly liberal amount of
ground oat flakes and some flaxseed meal, together with flour middlings
and corn meal. The flaxseed, being expensive, was reduced somewhat
from the amount used in the other meals, and the blood flour was incor-
porated as a check to scours.
Ingredients: —
22 pounds ground oat flakes.
10 pounds flaxseed meal.
5 pounds flour middlings.
11 pounds fine corn meal.
I5 pounds prepared blood flour.
5 pound salt.
Cost, 3 cents a pound.
Results.
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of Ij pounds of moist caK meal daily and 1| pounds of dry meal daily
for the last month. She was a vigorous calf and was not troubled with
scours.
Lindsey's Calf Meal VI.
Ingredients:—
35 pounds ground oat flakes.
12^ pounds barley malt.
I5 pounds blood flour.
i pound bicarbonate of potash.
5 pound salt.
Cost, 3.3 cents a pound.
The malt is intended as a food and also to act upon the starch in the
oats and convert it partly to maltose, in wliich form the oats are more
easily digested. This combination is made after the formula of Liebig/
only oat meal is substituted for wheat meal. Our method of preparation
was as follows: The malt was kept separate from the other ingredients.
Three ounces of the oat meal-blood-potash mixture were converted into
a paste with cold water, and then sufficient water added to make 1 quart,
and enough prepared at one time for each twenty-four hours. This mix-
ture was cooked or heated very warm for fifteen minutes and then
cooled to 100° to 120° F. One ounce of ground malt was then added for
each quart of the first mixture, and the latter allowed to stand for one-half
hour. It was heated again to near boihng, then cooled and fed milk-
warm. The basal ration of skim milk was added just before feeding.
The reason for heating to near boiling or to boiling before adding the
malt is to gelatinize the starch, which enables the malt to act on it more
thorouglily.
Results.
Fin. i) .-- I^mI IV. Lindsey's calf meal V.
Fig 10. — Samantlia III. Lindaey's calf meal VI.
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trial she consumed the same amounts of calf meal daily as did Samantha
III. Colantha II. received 4 quarts of skim milk daily, as high as 1^
pounds of calf meal as gruel, and the same amount of dry calf meal daily.
She was an exceptionally vigorous calf.
Tabular Summary of All Trials.
Kind of Ration.
62 MASS. EXPERIMENT STATION BULLETIN 164.
and not interfere with the normal growth of the calf. It is doubtful,
however, if one will be able to find any article or combination of articles
that will completely take the place of milk during the first two or three
months of the calf's life. In case of the writer's own observations with
different calf meals he did not thinlc it advisable to attempt to rear the
calves during the first four months without the use daily of 3 to 5 quarts
of skim milk. A too early attempt to accustom the calf to an exclusive
diet of calf meal is likely to produce digestive disturbances that may
affect the health of the animal in after life. Young calves differ in their
ability to take and utilize foods other than milk, and the careful observa-
tion and judgment of the feeder are at all times necessary. Holstein and
Ayrsliire calves are, as a rule, better able to utilize prepared foods than
are the Jersey and Guernsey, although we have had no serious trouble
in rearing calves of the latter breeds with a minimum of milk.
Our experiments have shown that we have found some proprietary
meals, as Schumacher's and Bibby's, satisfactory as partial milk sub-
stitutes. Of our own preparations, Nos. V. and VI. have given very
good results. Other calf meals on the market not tested by us may also
be equally satisfactory. The special characteristics of a satisfactory calf
meal will be discussed under the heading of "Composition of Calf Meals."
It is admitted that it is not very convenient for the dairyman rearing
a few calves each year to attempt to prepare his own calf meals, especially
if it is necessary to send out of town for some of the ingredients. In such
cases it is more desirable to purchase the prepared article, providing one
is found that will prove satisfactory. Suitable calf meals ought not to
exceed 3 cents a pound in price.
How TO FEED THE YoUNG CaLF.
Without recommending any preparation in particular, the writer takes
this opportunity to outline the method for feeding the young calf in
case it is desired to get along with as little milk as possible.
1. Allow the calf to remain with the dam as a rule for two or three days.
In case of Jersey or Guernsey calves it may be necessary to shorten the
time because of the laxative effect of such milk.
2. The calf should be kept in a clean pen and well bedded. Damp, dirty
quarters are to be avoided.
3. The pail out of which the calf is fed, as well as all utensils, must be
kept clean. This is vital.
4. At the end of the second or third day begin to teach the calf to drink
warm whole milk. That with a low fat percentage (4 or less) is preferable
to a richer article. From 4 to 6 quarts daily is sufficient for the first two
weeks, the amount depending upon the vigor and size of the calf. It is
better to feed three times daily during this time, but not necessary.
5. After the first two weeks warm skim milk can gradually be substi-
tuted for the whole milk, and in case of vigorous calves, within a week or
ten days thereafter the substitution may be completed.
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6. At the end of the second, or poss bly the third, week (judgment to
be used in all cases), a quart of the calf-meal gruel may be added. This
substitute is best prepared, in the opinion of the writer, by using Sf to
4 ounces of meal to each quart of water. The meal is first stirred with a
little cold water to get out the lumps and to convert it into a paste. A
quart of boiling or very hot water is then added, and the mixture thor-
oughly stirred and allowed to stand until milk-warm, in wliich condition
it is fed, preferably mixed with the milk. Neither milk nor calf-meal
gruels should be fed cold, but milk-warm. The quantity of skim milk can
be reduced to 4 quarts daily, and the quantity of calf-meal gruel grad-
ually increased until the animal is receiving 4 to 6 quarts a daj'' of the
latter, depending upon its ability to utilize it.
7. At the end of tliree months the skim milk can be reduced to 3 quarts,
or possibly to 2 quarts, daily if necessary. Before this time the animal
should be taught to eat the calf meal dry, by placing some of it in a box
fastened to the wall, and at first placing a little in its mouth and rubbing
the meal upon its nose. Rowen or fine hay should also be placed before
the calf in a little rack, and it will soon learn to take it.
8. At the end of four months the skim milk may be entirely withdrawn
and a few weeks later the calf-meal gruel, for by this time the animal
should be eating considerable dry meal and hay. Naturally, if skim milk
is available it is worth while to feed it until the calf is six months of age,
it proving very helpful in increasing growth. Feeders wishing to secure
large animals frequently feed sldm milk until the animal reaches eight
months or even twelve months of age; thej^ also defer breeding until the
calf is one year, nine months old.
9. After the calf is five months old, if in good condition, the calf meal
can be entirely removed and an ordinary grain mixture substituted, con-
sisting, by weight, of one-tliird ground oats, one-third wheat bran and
one-third corn or hominy meal; or wheat middlings may be substituted
in the mixture for ground oats. The roughage may consist of one-half
to one peck of silage and what rowen or fine hay the animal will clean up.
Emphasis is placed upon the fact that absolutely definite rules relative to
the time of substituting the different foods cannot be given, so much
depending upon the condition of the calf. The close observation and
good judgment of the feeder are very necessary if the full measure of
success is to be attained.
10. In case of scours, or if the animal begins to show a fickle appetite,
the best remedy is to cut down the food supply one-half or even two-
thirds in amount. Do not overfeed in any case. The calf should always
have an appetite for more than the amount given to it.
11. In case of our own caK-meal preparations, Nos. V. and VI. are
to be preferred. For the preparation of VI. see special instructions on
page 60.
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THE CHEMICAL COMPOSITION OF MILK AND CALF MEALS.
The following tables show the relative proportion of the several chemi-
cal groups in calf meals as compared with whole and skim milk, the latter
with their natural water content, and also reduced to a 10 per cent, water
basis for easier comparison with the various calf meals : —
(a) Milk.
REARING OF DAIRY CALVES. 65
meal, on the other hand, contains noticeably less protein and consid-
erably more fat. The calf meals prepared by tliis station contained
from 15 to 20 per cent, of protein and from 5 to 12 per cent, of fat. All
of the meals, \^'ith the possible exception of Bibby's, contained noticeably
less ash than that contained in the skim milk, and most of them too much
fiber. It is believed that the fiber content should be kept at a minimum,
i.e., not over 3 per cent.
In our own case we have refrained from making a mixture with over
20 per cent, protein, for the reason that it was feared the calf would find
difficulty in caring for a larger amount. It must be remembered that the
protein of milk exists in solution as casein and lactalbumin, — easily
digested and assimilated forms of nitrogen, — wliile the protein in the
different grains is in forms not so easily utilized by the j^oung animal.
The writer sees no objection to a meal containing 12 per cent, of fat,
providing it can be economically incorporated. The high price of flax-
seed meal, the usual source of fat, renders its use in very large amounts
of doubtful economy. It is probable that a higher ash percentage than
3 per cent, may prove helpful, but it vfould have to be made artificially
and incorporated, as most of the grains employed do not contain more
than that percentage. If a minimum of 3 to 4 quarts of skim milk is fed
each day for the first tlu-ee months, the 3 per cent, of ash in the calf meal
would probably prove sufficient.
In preparing a calf meal the object should be to use only those in-
gredients that are easily and higlily digestible, and at the same time are
not too expensive. Among such feeds may be mentioned finely ground
corn meal, flour middlings, ground rice, wheat flour, oat flakes, barley
malt, cocoanut meal and flaxseed meal. Cottonseed meal in any quantity
is not advised; oat flakes and malted grains seem to be quite satisfactory.
Dry skim milk is a valuable substance, but its cost is likely to prevent its
use. It is doubtful if aromatics such as fenugreek and anise are of any
special value. The use of carob bean meal (St. John's-bread) imparts a
sweet taste to the calf meal. Its value as compared with its cost is un-
known to the writer.
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Part II.
THE COST OF REARING A DAIRY COW.
Food Cost.
As explained in the first part of this bulletin, the station for the past
ten or more years has made a practice of raising its own dairy stock. It
is intended in what follows to show the complete food cost of the heifer
from the time it was dropped until it reached the age of two years. The
labor and other costs are also quoted from an authentic soucce.
Some of the calves, until they were six to eight months of age, were
developed on skim, milk, grain and hay, while others received small amounts
of whole milk, 4 to 5 quarts daily of sldm milk, calf meal and hay. The
calves were usually dropped in the autumn, and fed as previously out-
lined until May, when they were sent to pasture, and returned to the
feeding barn some time in October. During the late autumn, winter and
early spring they were given such roughage as corn fodder, one peck to
one-half bushel of silage daily if the same was available, and what hay they
would eat. In case silage was not on hand rowen or fine hay was supplied,
care being taken to give no more daily than would be fully consumed.
They were fed also 2 to 3 pounds of a grain mixture daily, composed, by
weight, of one-third wheat bran, one-tliird corn or hominy meal or wheat
middhngs, and one-third gluten feed; or one-fourth wheat bran, one-
half corn or hominy meal, and one-fourth cottonseed meal. In some cases
other grain mixtures v/ere supplied, depending upon cost and availa-
bility. They were usually bred when fifteen to twenty months of age,
sent to pasture a second summer, and, on return, fed as previously in-
dicated, excepting that if not at pasture the grain ration was increased
in amount, in some instances, to 5 pounds daily during the last three or
four months previous to calving, in order to bring them into good phys-
ical condition and to aid in the development of the milk glands. During
the winter months they were carded dailj^, and usually turned into the
barnyard for a number of hours each day in pleasant weather. Here
follows a tabulated statement of the food cost. In the table P. B. means
pure bred, G. means grade, A. H. J. and G. mean Ayrshire, Holstein,
Jersey and Guernsey, respectively. It might be added that the station
herd has consisted mostly of grade Jersej^s, with a few pure breds, al-
though of late some grade Holsteins and a number of grade Ayrshires
have been added. The herd has been kept for the purpose of studying
the nutritive effect of different feeds and feed combinations upon the
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production and cost of milk, and not maintained as a herd for economic
dairying. At the same time, it has been our object to keep only prof-
itable milk producers. The grade cows were bred to pure-bred bulls, and
only those heifers raised which gave promise of developing into satisfac-
tory dairy cows. In making the following tabulation the costs of the
various feeds were: hay $10, silage $4.50, green feed $3.50 and grain
mixtures $32 a ton. The value placed upon the milk and caK meal was
the same as stated in the first part of this bulletin. Pasturage was charged
at 25 cents a w^eek for the first summer, and 30 cents for the second sum-
mer. In a few cases the animals, for some reason, did not go to pasture
for one summer, but were soiled, which resulted in a higher food cost.
The hay was charged at a price approximating cost, rather than at market
value. For the sake of comparison it was thought best to determine the
food cost at two years of age in each case, rather than at time of calving
which, of course, varied. The calves were raised in different years, and
primarily to keep up the herd, hence in some cases, especially if the ani-
mals were at pasture, w^e did not have the live weight when the animals
were exactly two years old.
68 MASS. EXPERIMENT STATION BULLETIN 164.
It will be seen that the animals, most of which were grade Jerseys,
varied in live weight from 600 to 900 pounds, the latter being the weight
of a thrifty grade Holstein heifer. The average weight was 713 pounds,
and the daily average gain .86, or a little less than a pound a day for the
first two j^ears.
The food cost varied from S46.84 to S78.79, the latter cost being due
to the fact that the heifer was soiled one season. The food cost of two
thrifty grade Holstein heifers was $58.03 and $63.07, respectively, and
the average cost of the 20 heifers was $57.73.
Several of the heifers did not prove satisfactory and were disposed of;
for instance, Maud and Mibbs were poor producers, 0. Amy and Lena
failed to breed, Susie developed tuberculosis, and Daisy II. aborted.
The prices secured for these discards are, unfortunately, not available, but
a fair estimate would be about $140, which, deducted from the total
food cost of the 20, — $1,154.57, —would leave $1,014.57, this sum
being the cost of the 14 good ones remaining, or an average cost of $72.47.
The discarding of 30 per cent, of the 20 heifers raised seems large, and
it is doubtful if it would hold true in most cases. The results, however,
are presented as secured. It is known that in spite of the best judgment
in the rearing of dairy animals a considerable loss is experienced through
one cause or another.
Trueman,^ in a detailed feeding record of one Guernsey, two Jersey
and two Holstein heifers, shows that the average food cost of each heifer
at two years of age was $55.^ He calls attention to the fact that "a cer-
tain number wiU fail to be good producers, and will have to be discarded
at a loss," but presents no data on this subject.
Morse ^ in 1898 has shown that the food cost of raising dairy heifers to
sixteen months of age averaged $28.81 each. This, however, was at a
time when the cost of feed was very much less than at present.
Bennett * and Cooper * present exceedingly interesting data on the entire
subject in a publication entitled, "The Cost of Raising a Dairy Cow."
They co-operated with C. I. Brigham on his private farm located in Wis-
consin. The dairy farm contained 50 Jersey cows and about 40 head of
young stock. The observations covered a period of five years, during
which time 1 17 calves, some of which were bulls, were under observation.
The average food cost of the 73 heifers that reached maturity was $40.83,
the cost of the different articles of feed being below that charged in our
own experiment.^ As nearly as can be ascertained from the bulletin, of
the 86 heifer calves on trial during the five years, 73 were brought to
maturity, 2 died and 11 were discarded, a loss of 15.1 per cent.
» Bui. 63, Storrs Exp. Sta.
2 Whole milk $2 and skim milk 25 cents a hundred pounds; hay $12, silage $4, and grain $30
a ton; pasture $2 and $4 a season.
3 Bui. 58, N. H. Exp. Sta.
* Bui. 49, U. S. Department of Agriculture, 1914.
' Whole milk $1.50 to $1.60 a hundred; skim milk 20 cents a hundred; brpn and corn $22 to
$25, oats and barley $25, linseed meal $35 to $41, hay $8 to $10, alfalfa $12 to $15, corn stover $4,
silage $4 per ton; pasture 10 to 20 cents a week.
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Other Costs.
Because of our method of raising the calves (a few each year), it was not
possible to get at the other items entering into the total cost of the two-
year-old heifers. Trueman makes an estimate, while Bennett and Cooper
are able to present exact data, of which the following is a summary: —
Cost (Other than Food) of Two-year-old Heifer.
Bennett
and Cooper.
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Total Cost of the Two-year-old Heifer.
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Bennett and Cooper say that the "cost of producing a dairy heifer
seems to indicate that a heifer entering the dairy herd at two years of
age must be worth at least $60 to cover cost only.^ It would appear that
a farmer cannot afford to raise a heifer calf that will not sell for more
than $60 at two years of age."
Concluding Suggestions.
1. The above data make it very clear that too much care cannot be
used in tlie selecting of heifer calves for dairy cows. They should be
sired by bulls of known reputation and be dropped by large producing
cows. Heifers from unknowai bulls or from inferior cows are not worth
the raising.
2. As small an amount of milk should be used as is consistent with a
satisfactory growi:h of the calf, because of the relatively high cost of both
whole and skim milk. Of the total food cost, in case of our own experi-
ments, milk represented from 11 to 35 per cent., with an average of 20.5
per cent. In case of the Wisconsin trials milk represented one-third of
the total food cost.
3. Calf meal will serve as a partial milk substitute, but at 3 cents a
pound, the 3h ounces necessary to make a quart of the substitute cost
two-thirds of a cent, and at that figure the skim milk is to be preferred;
hence, if skim milk can be had at not over two-thirds to three-fourths
of a cent a quart, it is to be preferred to calf meal at 3 cents a pound.
4. The calves should be pastured for two seasons whenever possible,
and the pasture should not be overstocked. It frequently happens that
owing to overstocking or to dry weather the young animals make but
little growth during the pasture season, and it requires several months
of barn feeding to bring them into a thrifty growing condition.
5. It is rarely advisable to leave the animals in the pasture after October
15. In case of early hard frosts it is better to bring them in October 1.
6. During the remainder of the j^ear the most economical feeds are likely
to be silage, early cut hay, possibly some cut corn stover, and 2 to 3 pounds
daily of a standard grain mixture. The grain may be increased to 5 pounds
daily three or four months before calving, whenever practicable, in order
to aid in developing the milking qualities of the future cow.
7. An effort should be made to provide low-cost but comfortable winter
quarters, dry and clean surroundings and convenient arrangements in
order to keep the labor cost at a minimum.
' The fc»d cost of the Wisconsin heifers, due primarily to the less cost of many feeds during
the experiment, was some S16 less than the Massachusetts cost. If this extra cost was added to
the $60, it would bring the total up to $76, not including loss tlirough discards.

THE EFFECT OF SULFATE OF AMMONIA
ON SOIL.
R. W. RUPRECHT AND F. W. MORSE.
Introduction.
This bulletin is a record of efforts to determine the changes which the
long-continued use of sulfate of ammonia has produced in soils.
The action of ammonium sulfate on soils has received attention in one
way or another for many years. Among the first workers who used this
salt in experiments was Way' (1850). In studying the absorption of
ammonia by soils he found that soils had the power to absorb the am-
monia from aimiionium sulfate, but left the acid radical in solution in
combination with another base, generally calcium. Voelcker^ continued
the work of Way and confirmed his results. Beyer, ^ in studying the ab-
sorption wdth potassium and anmionium chlorides, found that the absorp-
tion was dependent on the amount of iron and aluminium oxides present
in the soils, and that the quantity of calcium and magnesium removed was
almost equivalent to the potassium absorbed. Morse and Curry,* in
working on clay with potassimn and sodium salts, found that the bases
were absorbed, and that in exchange calcium, magnesium, iron and alu-
minium were removed. In the presence of lime and carbonate of hme the
iron and aluminium were precipitated.
Other workers^ who studied the absorption but used different salts
found the same general principle to hold true, namely, that the soil has
the power to absorb the basic part of the salt, but that this power does not
extend to the acid radical.
As to the results due to fertilization with ammonium suKate we may
cite the following investigators : —
Lawes and Gilbert,^ in studying the drainage waters from differently
fertilized plots, found that the plots treated with ammonium sulfate had
much larger amounts of calcium removed than the other plots. They
reached the conclusion that all of the suKuric acid from the ammonium
sulfate was removed as calcium suKate. Wheeler^ found that the long-
' Way, Jour. Roy. Agr. Soc, Vol. 11 (1850) and Vol. 13 (1852).
2 Voelcker, Jour. Roy. Agr. Soc, Vols. 21, 60 and 62.
' Beyer, Ann. der Landwirtschaft, Bd. I. and II.
* Rept., N. H. Agr. Exp. Sta., 1906-08, p. 274.
' Frank, Salomon, Biedermann, Neutler, Knop, Frey, Pillitz, Kellner and Van Bemmelen.
^ Lawes and Gilbert, Rothamstead Memoirs, Vol. 5, p. 97.
' Wheeler, Ann. Rept., R. I. Exp. Sta., 1893.
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continued use of ammonium sulfate brought the soils into an acid condition
which could be corrected by liming. Hall and Miller^ found that when
ammonium salts were used as a fertilizer the loss of calcium carbonate was
equivalent to the acid of the ammonium salt used. Nitrate of soda and
manure diminished this loss of calcium. Hall and Gimingham^ state
that the continuous application of ammonium salts brought soils into an
acid condition, and that the reaction was a double decomposition between
calcimn humate and the ammonium salts. In a later publication HalP
states that the acidity was caused by micro-fungi in the soil, which spUt
up the ammonium siilfate to obtain the ammonia, thereby setting free sul-
furic acid. Hunt " found that an acid condition, proving especially harm-
ful to corn and clover, resulted from the continued application of ammo-
nium sulfate.
The conditions produced by the continuous application of ammonium
sulfate on crops, as reported by these investigators, are very similar to the
conditions on the nitrogen field at this experiment station.
Soil used in the Experiments.
The soil used for the various experiments herein described was taken
from one of the oldest fields on the station farm. A record of this field has
been kept for thirty-three consecutive years, and in that time it has re-
ceived only chemical fertilizers. Since 1890, when the present scheme of
fertihzing was inaugurated, the field has been used to compare different
forms of nitrogen fertilizers. The plots are one-tenth acre in area and
have a 2-inch tile drain running through the center of each plot at an aver-
age depth of 3 feet.
The chemicals applied since 1890 to the plots studied have been as
follows : —
Table I. — Chemicals applied annually.
Plot 0. Manure, dissolved bone black, sulfates of potash and magnesia.
Plot 1. Nitrate of soda, dissolved bone black, muriate of potash.
Plot 5. Sulfate of ammonia, dissolved bone black, sulfates of potash and mag-
nesia.
Plot 6. Sulfate of ammonia, dissolved bone black, muriate of potash.
Plot 7. No nitrogen, dissolved bone black, muriate of potash.
Plot 8. Sulfate of ammonia, dissolved bone black, muriate of potash.
The amoimts applied have been 45 pounds of nitrogen per acre in nitrate
of soda, suKate of ammonia or manure, 80 pounds of phosphoric acid per
acre in dissolved bone black, and 125 pounds of potash per acre in muriate
of potash or double sulfates of potash and magnesia. On plot the phos-
phoric acid and potash naturally present in the manure have been supple-
mented by enough chemicals to make 80 pounds of phosphoric acid and
1 Hall and Miller, Proc. Roy. Soc, Ser. B 77, No. B 514.
2 Hall and Gimingham, Jour. Chem. Soc, Vol. 91 (1907), No. 534.
3 Hall, Jour. Roy. Agr. Soc, 70 (1909), p. 12.
* Hunt, Bui. 90, Penn. State Exp. Sta.
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125 pounds of potash. The only organic matter added has been in the
form of crop residues and catch crops plowed under. Hydrated hme was
applied to one-half of the field at the rate of 3,000 pounds per acre in 1909,
and again in 1913, when the rate of application was 4,000 pounds. The
apphcation was made crosswise of the plots so that every plot was half
limed and half imlimed.
The first soil samples were taken from these plots in 1912, just before
the fertilizers were appHed and after the land had been plowed. The
second set of samples was taken in the spring of 1913, immediately after
the lime had been applied and harrowed in, but before the apphcation of
any fertilizers. The soils were taken to the laboratory as soon as sampled,
thoroughly mixed and air-dried. In subsampling, the soil was passed
through a sieve having seven holes to the linear inch. No finer sieve was
used, as it was desired to have the soil in as nearly actual field condition as
possible.
The crops growTi in the years previous to the sampling (1911 and 1912)
were corn with clover sown in the corn during the fall. The crops were
the same both years, as the clover made a poor catch in 1911 and was
plowed under.
Method of Investigation.
A large part of the investigation was carried on with different strengths
of ammonium-sulfate solutions. The four strengths used most were one-
tenth normal (N/10), normal (N), two and one-half times normal (2,^ N)
and five times normal (5 N).
Unless otherwise stated the soil was treated as follows: 150 grams of
air-dried soil were treated with 750 cubic centimeters of the ammonium-
sulfate solution. The mixture was allowed to stand, with frequent shak-
ings, for two hours, and then filtered through an miwashed filter paper.
In every case the filtrate was perfectly clear but j^eUow, the intensity of
the color varying between the limed and unlimed soils and with the strength
of the solution used. The solutions were all neutral to htmus and phe-
nolphthalein.
The solutions were analyzed for the amount of ammonia absorbed, and
for the iron and aluminium, calcium, sodium, potassium, sulfates, chlo-
rides and nitrates removed.
Absorption of Ammonia.
The ammonia was determined by the magnesimn oxide method. ^ From
1 to 10 cubic centimeters of the solutions were used for a determination,
depending on the concentration of the solution. Table II. gives the
amounts in milhgrams of the anmionia absorbed by 100 grams of air-dried
soil.
» Bui. 107, Bureau of Chem., p. 9, 1910 edition.
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Table II. — Milligrams of Ammonia absorbed from Ammonium-sulfate
Solutions by 100 Grams of Air-dried Soil.
[0 L = plot 0, limed end; UL = plot 0, unlimed end, etc.]
Plot. N/10 Solution. N Solution 2}4 N Solution.
L, .
UL,
1 L, .
1 UL,
6 L, .
6 UL,
7 L, .
7 UL,
8 L, .
8 UL,
72.5
60.0
72.5
60.0
77.5
42.5
62.5
57.5
67.5
42.5
212.5
162.5
162.5
200.0
187.5
62.5
200.0
125.0
150.0
87.5
175
250
275
175
100
100
225
150
235
Taking the plots as a whole v,e find that with an increase in the concen-
tration of the ammonium-sulfate solution used the amount of absorbed
ammonia increases. Comparing the amounts of ammonia absorbed by
soil from the different plots we find that the unhmed ends of plots 6 and 8
consistently show a smaller absorption than any of the others, except in
one case with the strongest solution by soil from plot 8. The variations
in amounts absorbed on the remaining plots are witliin the limits of pos-
sible error, on account of the concentration of the solutions employed.
Absorption op Dyes.
This difference in the absorption capacity of the different plots is less
strikingly shown by a study of the dye absorption. The dyes used were
aniline blue, aniline green, corrahne and eosine. The method of procedure
was as follows : 10 grams of soil were shaken up with 100 cubic centimeters
of the dye and then set aside until the supernatant liquid was clear. Fifty
cubic centimeters were then pipetted off and compared with a standard
dye solution in a colorimeter.
The eosine and corrahne were not absorbed by the soil in a measurable
quantity, if at all. One hundred cubic centimeters of the anihne blue
and aniline green in concentrations below 50 parts per million were entirely
decolorized by 10 grams of soil. The concentrations used were 50 and
100 parts per million.
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Table III. — Dye absorbed by 10 Grams of Soil from 100 Cubic Centimeters
of Dye Solution.
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Considering the table as a whole we find that more calcium is removed
from the hmed ends than from the uuhmed. The effect of the application
of lime in 1913 is plainly shown by the increased amount of calcium re-
moved from the hmed ends in 1913 over 1912 by the noimal and 2J^ nor-
mal solutions. Further, in 1912 no increase is noted in the amount of
calcium removed from the limed plots with an increase in the concentra-
tion of ammonium-sulfate solution used. In 1913, however, an increase
is noticed with each increase in the concentration of the ammonium-
sulfate solution. With the unlimed ends of the plots no such increase is
noticed either year, except between the one-tenth normal and normal
concentrations.
Studying the variations between the different plots we find the chief
difference to be the smaller amount of calcium removed from the two sul-
fate plots 6 and 8, both hmed and unhmed ends.
In the light of results already reported by other investigators as to the
action of ammonium sulfate on calcium in the soils, the foregoing results
indicate that ammonia replaces calcium in the soil, the amount varying
with the concentration of the ammonium sulfate used and the amount of
available calcium in the soil. The smaller amomit of calcium removed
from the two ammonimn-sulfate plots indicates that the previous fertiliza-
tion with ammonium sulfate has depleted the soil of this element. That
sodium nitrate has had a protective action on the calcium in the soil is
shown by the larger amoimt of calcium removed from the unhmed end of
the nitrate plot 1 than from the no-nitrogen plot 7. The presence of the
soda has prevented the soil from becoming poor in calcium. When larger
quantities of hme are present, and the concentration of the ammonium-
suKate solution is high, the protective action largely disappears, as is
shown by the amount of calcium removed from the limed end of plot 1 in
comparison with plot 7.
Sodium and Potassium removed.
Owing to the large mass of ammonium sulfate and the small amomit of
sodium and potassium in solution it was difficult to make exact determina-
tions of these elements. Several methods were studied, but the method
of weighing the sodium and potassium as the double chlorides, and then
determining the potassium as the chlorplatinate was finally adopted. The
results obtained are as accurate as could be expected under the circum-
stances.
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Table V. — Milligrams of Sodmm Oxide removed from 100 Grams of Air-
dried Soil by Different Solutioits of Ammonium Sidfate.
Plot. N/10 Solution.
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Sulfuric Acid removed.
In determining the sulfates the small aliquot which had to be taken
owing to the amount of suKates present made a shght error in weighing
assume large proportions when figured to sulfates removed from 100 grams
of soil. This was especially true of the 2Y2 normal and 5 normal extracts.
In almost every case, however, more sulfates were found in the extracts
than were present in the original solutions used. Where this was not the
case the difference between the amount present in the original solution
and the amount found in the extract was so small as to come easily within
the limit of error. The results indicated that there was no accumulation
of sulfuric acid in the soil which would cause it to become acid.
Htdrochloric Acid removed.
In trying to determine the amounts of hydrochloric acid in the extract
by titration it was found that the ammonium sulfate prevented the de-
velopment of the color. In making gravimetric determinations no pre-
cipitate or cloudiness was observed using 100 cubic centimeter aUquots.
This shows that the chlorides if present at all were present in concentra-
tions of less than one part per milhon of extract, or less than one-tenth of
a milligram removed from 100 grams of soil.
Nitric Acid removed.
Nitric acid could not be determined with any degree of accuracy by
the colorimetric method. The few determinations made on the more
dilute extracts incUcated that there was no appreciable difference in amount
removed between the different plots. The average amount found was
1.5 parts per hundred thousand.
Iron and Aluminium removed.
The iron determinations could be made colorimetricallj^ only after the
largest part of the ammonimn sulfate had been removed, as it prevented
the development of the color with the thiocyanate. No colorimetric de-
terminations were made on the 23^ normal and 5 normal extracts, as the
amount of ammonium sulfate was too large to be driven off by ignition
without some mechanical loss.
In the 2Y2 normal and 5 normal concentrations of ammonium-sulfate
extracts, iron and aluminium were determined together by precipitating
with ammonia as the hydrate. The precipitates were all light in color,
showing that they were mostly aluminimn, but all had some iron present.
No iron was found in the extracts from the hmed ends of the plots ^\^th
any of the ammonium-sulfate solutions, except on plot 6 with the 23^2 noi-
mal solution, and on all the plots with the 5 normal solution. In all the
extracts from the unlim.ed ends of the plots iron was found in varying
amounts. A slight increase in the amount removed, ^^^th an increase in
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the concentration of the ammonium-sulfate sohition used, was noticed.
The largest amount was removed from one of the ammonium-sulfate
plots, — No. 8.
Table VI. — Milligrams of Iron Oxide removed from 100 Grams of Air-
dried Soil by Different Solutions of Ammonium Sidfate.
Plot. N Solution.
1 UL,
6 UL.
7 UL,
8 UL,
.51
.50
1.02
Table VII. — Milligrams of Iron and Aluminium Oxides removed from 100
Grams of Air-dried Soil by Different Solutions ofAmmonium Sulfate.
Plot. N Solution. 2}2 N Solution. 5 N Solution
1 UL,
6 UL,
7 UL,
8 UL,
6 L, .
None.
12.00
2.00
1.50
None.
4.25
12.00
8.00
7.75
2.50
6.50
33.00
7.50
28.00
8.00
The most striking difference is in the much larger amomit removed from
the ammonium-sulfate plot 6 UL.
In trying to purify the precipitates it was found that thej' contained
silica as well as the oxides of iron and alumina.
In order to determine if these precipitates had the same com-
position in all cases, or varied with the concentration of the solvent used,
extracts with different strengths of ammonium-sulfate solutions were
made with soil from the unlimed end of plot 6. One-tenth normal, one-
half normal and normal concentrations of ammonium-sulfate solutions
were employed and the extracts made in the usual way. On addition of
ammonium hydrate to the extracts a flocculent precipitate formed, which,
after being dried and ignited, proved to have the following approximate
composition : —
Oxides of iron and aluzninium,
Silica, ....
Per Cent.
. 75
. 25
The precipitates from the different strengths of ammoniiun-sulfate so-
lution all had about the same composition. Attempts made to obtain this
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compoimd in water extracts were successful when a smaller ratio of soil
to water was used and the two left in contact a greater length of time. Soils
from the unlimed ends of plots 6 and 8 were used. The extracts were ob-
tained as follows: between 6 and 8 kilos of air-dried soil were placed in a
glass jar •vsdth an opening in the bottom plugged with glass wool and covered
with a linen filter. Enough water was added to just saturate the soil and
left for from twelve to twenty-four hours. In the first experiment only as
much water was percolated through the soil as was required originally to
saturate it. After evaporating the percolate to a small volume, and making
slightly acid with hydrochloric acid to decompose any carbonates present,
ammonium hydrate was added until the solution was shghtly alkahne. A
heavy flocculent precipitate, brick red in color, separated out. On filter-
ing, drying and analyzing the precipitate it was found to contain organic
matter, calcium, iron and aluminium and sihca. The composition of this
precipitate varied somewhat from the compound obtained with the am-
monium-sulfate solutions. In the ammonium-suKate extracts the amount
of iron and aluminiimi oxides was about three times the amoimt of siUca
found, while with water the percentage of iron and aluminium oxides was
almost the same as the per cent, of silica. In the extract made in a similar
manner with soil from the unlimed end of plot 8 a precipitate similar in
appearance but of a somewhat different composition was found. More
silica than iron and aluminium oxides was found.
The increased amovmt of iron and aluminium fomid in the extracts with
ammonium sulfate over that found in water extracts seems to indicate
that in the absence of an available calcium compound the ammonium
sulfate attacks the iron and aluminium compounds in the soil.
Investigations in regard to this solvent action of ammonium sulfate on
iron and aluminium compounds in the soil are at present being conducted.
Calcium Absorption.
The absorption of calcium by the soil was studied in connection with
the determination of soil acidity by the Veitch method. This method is
essentially a measure of the absorption of lime by the soil and not a measure
of any free acid.
The Veitch method was used on soil from the unlimed and hmed ends
of plot 6. No difference in the amount of absorbed calcium was noted
between the limed and unhraed areas, both having absorbed at the rate of
2,545 pounds of calcium oxide per acre (2,000,000 pounds of soil per acre).
A second method, using the same substance, was also tried. In this
method 100 grams of air-dried soil were shaken with 500 cubic centimeters
of a saturated calcium-hydrate solution and filtered after two hours. An
aliquot of the filtrate was then titrated and the amount of absorbed lime
determined. This method gave a much higher absorption than was found
by the Veitch method. No difference in the amount of calcium absorbed
between the limed and unlimed ends was observed. The calcium oxide
absorbed was equal to 11,776 pounds per acre.
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A third method, taking a solution of calcium sucrate, was also used.
Ten grams of soil were shaken with 50 cubic centimeters of the solution,
filtered after two hours and an aliquot titrated. Two strengths of the
calcium-sucrate solution were used, — a saturated solution and another
one-tenth as strong. The absorption of calcium was the same with both
solutions and on both the limed and unlimed areas. The absorption was
much greater than with either of the two previouslj^ mentioned methods.
The unhmed end absorbed at the rate of 26,660 pounds of calciimi oxide
per acre, while the Umed end absorbed at the rate of 23,850 poimds per
acre. The greater absorption of the calcium from the sucrate solutions is
due to the greater concentration of calcium in these solutions. The
Veitch method does not measure the true absorptive capacity of the soil,
but measm-es the absorption up to the point of alkalinity of the soil. That
the soil can absorb more calcium after the point of alkalinity is reached is
shown by the results obtained by the other methods. With the calcium-
sucrate solution the hmit of the amount of calcium which the soil can
absorb seems to have been reached, as with an increase in the concentra-
tion no increase in the amount of calciimi absorbed is noted.
It is of interest to compare the results obtained by the above methods
vnth. the calcium oxide equivalent obtained with the Hopkins method of
determining soil acidity. With this method a marked difference between
the limed and unhmed areas of plot 6 is found. The unlimed area has a
much higher calcimn oxide equivalent than the hmed area. The calcium
oxide equivalent of the limed end is 631 pounds of calcium oxide per acre,
while the unlimed gives an equivalent of 4,976 pounds per acre.
This "acidity," however, is not due to the presence of free acids, either
soluble or insoluble in water, but is probably due to the presence of iron
and aluminium salts. When the soils are shaken up with the nonnal
potassium-nitrate solution, as the method calls for, an action resembhng
a double decomposition takes place between the iron and aluminium
compounds and the potassium nitrate, wdth the fonnation of the easily
hydrolyzable iron and aluminium nitrates which go into solution. When
the aliquot is titrated the titration shows the amoimt of nitric acid present
in combination with iron and aluminium, as is evidenced by the heavy
fiocculent precipitate which fonns during the titration. In order to de-
termine if nitrates of iron and almninium hydrolyze readily, known solu-
tions of those salts were made up and titrated. It was found that the
entire quantitj^ of nitric acid present could be titrated.
Summarizing the results obtained by the different methods, we find
that the soil absorbs increasing amounts of calcium from increasing con-
centrations of calcimn solutions, and that the hmed and unlimed plots
absorb practically like amounts of actual calcium.
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Analysis of Drainage Waters.
To determine if the composition of the drainage waters would throw
any light on the effect of long-continued use of ammoniimi sulfate as a
fertilizer, the following analyses of drainage waters from the plots studied
in the first part of this bulletin were undertaken.
The drainage waters were collected in the spring and fall of 1912 and
1913. Most of the samples were collected in the spring after the frost had
left the ground. Only three samples were taken in the late fall. No
drainage took place during the summer and earty fall. The waters at all
times were clear and free from sediment of any kind. In the spring of
1912 five sets of samples were collected, — the first on March 18 and the
last on May 17. In the fall a set of samples was collected on November 5
and December 6. In 1913 the first samples were taken on March 9. Five
subsequent sets of samples were taken at intervals of one week. Another
set was obtained on December 8.
The waters were analyzed for total solids, fixed solids, calciimi, sodium,
potassium, iron, chlorides and sulfates. As the nitrates varj^ between
^vide limits within short spaces of time no attempts were made to deter-
mine them, except when the water could be analyzed as soon as collected.
Iron was found in traces only in any of the waters.
The amount of drainage varied considerably between the different plots.
The amount can be estimated only bj^ the apparent flow from the outlets.
Plot had the largest amount, with plots 1 and 7 closely following in the
order named. Plots 6 and 8 had the smallest amount. The differences
can be explained in part by the general slope of the field. Plots and 1
are the lowest in the field. While the slope is not great it is probably
enough to cause some increase on the lower plots. The actual amount of
drainage for the year could not be determined, as means for measuring the
flow were not available.
Table VIII. — Average Composition of Drainage Waters in Parts per
100,000.
1912.
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Table VIII.
—
Average Composition of
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Table X. — Composition of Percolates in
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Comparing the percentage composition of the percolates and the drain-
age waters, both based on the fixed soUds, we find them agreeing very
closely. The per cent, of calcium oxide in the drainage water of 1913 for
plot 6 is 36 as against 30 found in the percolation waters from this plot,
averaging the hmed and unlimed. Sulfates in the drainage waters are
48 per cent, and in the percolates 44 per cent., and chlorides in the drain-
age waters are 15 per cent, and in the percolates 13 per cent, of the fixed
sohds. The higher results in the drainage waters are probably due to the
fact that more of the drainage comes from the limed ends of the plots than
from the unlimed.
Culture Studies.
The first culture work undertaken in connection with this problem was
to determine if the infertilitj^ of the soils extended to their water extracts,
as was found by Whitney,^ Livingston^ and others.
The seedlings used were rye, barley and red clover, which were germi-
nated on paraffin-covered wire gauze as described in Bulletin No. 40,
Bureau of Soils. When the stems of the seedlings reached a length of one
inch they were transferred to notched corks and placed in the culture so-
lutions.
The culture solutions were contained in salt-mouth bottles of 250 cubic
centimeters' capacity, with necks having a diameter oi 1^ inches. Four
seedhngs were placed in each bottle. As each experiment was carried on
in triphcate this gave a total of twelve seedlings for each treatment.
The soil extracts were made by mixing two parts water with one part
soil and letting the mixture stand for about two hours with frequent
shakings, when the water was either poured oft" or filtered through porcelain
filters under pressure.
The first series was conducted with extracts from the limed and unlimed
ends of plots 1, 6, 7 and 8. One set was made up with filtered extracts,
and a second set with the unfiltered extract. The seedhngs used were rye
and red clover. The experiment was continued four weeks, at the end of
which the plants began to wilt.
The first differences were noted at the end of the first week, the rj^e
seedlings in the extracts from the hmed ends of the plots being better
than those in the extracts from the unlimed areas. The seedlings in the
extracts from the unlimed areas all had a reddish-colored stem, and did
not make as good a growth as the others. The clover seedhngs showed
similar differences, but more in the roots than in the tops. The differences
became more marked as time went on, and differences in the root develop-
ment became noticeable. The roots in the extracts from the unlimed end
of plot 6 became stunted and thickened,' and the roots in the extract from
the unlimed end of plot 8, while not stunted, showed a poorer growth than
' Bui. 23, Bureau of Soils, Whitney and Cameron.
2 Bui. 28, Bureau of Soils, Livingston et al.; Bui. 3G, Bureau of Soils, Livingston.
3 Bui. 161 contains descriptions and photographs of clover roots similar to the roots of seedlings
in these cultures.
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the others. When the experiment was discontinued the seedUngs in the
extracts from the hmed end of plot 1 and plot 8 were the best, Math the poor-
est in the extracts from the unhmed ends of plots 6 and 8. As the clover
seedhngs did not make much growth they were omitted in the second
series and only barley was used. Barley was chosen, as it has been found
to be more sensitive to toxic substances than rye seedUngs. The filtered
extracts were also omitted, as no difference was noticeable between the
filtered and unfiltered extracts in the first series.
As in the first series the second was continued four weeks. At the end
of the first week no differences were noticeable in the tops, but the roots
in the extract from the vmhmed end of plot 6 again showed the stunted and
thickened appearance. At the end of two weeks the tops in the extracts
from the unhmed ends of the plots began to wait, the tips of the leaves
turning white. When the experiment was discontinued the seedlings in
the extracts from the limed ends of the plots appeared just about alike,
while in the extracts from the unlimed ends the poorest were the seedlings
in the extract from plot 6. The seedlings were weighed green, but the
weights did not show the differences which were apparent to the eye.
When iron and alimimimn compounds were found in the soil it was
thought that these might have a toxic influence on plants, so culture work
was undertaken, using these salts. The results of this experiment have
already been pubUshed.^ It is onlj^ necessary to state that iron and alu-
minimn salts are very toxic to clover seedhngs, and that in dilute solutions
calcium carbonate can overcome the toxicitj'.
Summary and Conclusions.
The results of the experiments show that —
(a) The absorption of ammonia from sulfate of ammonia solutions by
the soils studied increases with the increase in the concentration of the
ammonium-suLfate solution used. This increase is not strict^ proportional
to the increase in the concentration of the ammonium-sulfate solutions.
The soils from two plots previously fertilized with ammonium sulfate
without hme absorb less ammonia than do the other soils. This shows
that the continued use of ammonium sulfate has caused some change in
the soil.
(b) The absorption of dyes by these soils is very similar to the absorp-
tion of ammonia. More dye is absorbed from the more concentrated so-
lution than from the lesser concentration. The two unhmed sulfate plots
also absorb less than do the others, showing that their absorptive powers
have been lessened.
(c) Ammonium sulfate has a solvent action on the calcium in the soils,
and depletes the soil of this element. This is showai by the ammonium-
sulfate extracts and also bj^ the drainage water analyses.
(d) Ammonimii sulfate seems to have no solvent action on sodimn or
potassium in the soil in the presence of sufficient quantities of lime. That
» Bui. 161, Mass. Exp. Sta., 2d part.
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it has a slight solvent action on potassium in the absence of lime is shown
in the percolation experiment, where more is removed from the imlimed
plots than from the Umed. This may be more beneficial than harmful, as
it will make more potash available for the use of plants.
(e) The use of ammonium sulfate probably does not cause the accumu-
lation of suKates in the soil, as is indicated by the marked removal of sul-
fates from the sulfate plots in all of the experiments. All of the soil
extracts were neutral to indicators, showing that no free soluble acids
were present in the soil. The absence of free acids is further shown by
the amounts of calcium absorbed. Using different calcium solutions, no
difference in the amount of calcium absorbed is found between the
Umed and unlimed ends. If a free acid or acids were present in the soil
from the unUmed areas, these soils should have absorbed a greater
amount of lime than the soils from the limed areas of the plots.
Whether the action of the ammonimn sulfate in the soil is one of double
decomposition between the ammonium sulfate and calcium carbonate, or
in its absence some other salts, or whether the ammonia is first absorbed
physically, and the sulfuric acid thus set free reacts with the calcium, is
still a matter of dispute. While the results obtained do not prove either
of these theories to be correct, they seem to indicate that it may be a com-
bination of these two that takes place.
The similarity between the absorption of ammonia and the absorption
of dyes is evidence that the ammonia is held by physical rather than chem-
ical forces. That it is not purely a chemical exchange is shown by the in-
creased amounts absorbed with the increased concentrations of the solu-
tions used, and, as Voelcker and others have shown, all of the ammonia is
never absorbed from a solution, no matter how dilute. That some chem-
ical reaction takes place is shown by the amounts of calcium removed.
The amounts removed reach a definite limit, above which none is removed,
when the soil is shaken with a normal ammonimxi-sulfate solution.
What takes place in soil fertilized with ammonimn sulfate may be as
follows: the first reaction to take place is the physical absorption of the
ammonia, thus setting free sulfuric acid. If, after the soil has absorbed
all the ammonia it is capable of holding, some anmaonimii sulfate remains,
double decomposition takes place. In both cases the first salt to be at-
tacked is probably the calcium carbonate, and it is only in the absence of
this salt that the iron and alimiiniimi compounds are attacked. It is to
these salts of iron and almninium that the infertility of the plots continu-
ouslj' fertilized with sulfate of ammonia appears to be due.
IMPROVED METHODS FOR FAT ANALYSIS.
E. B. HOLLAND, J. C. REED AND J. V. BUCKLEY. ^
Introduction.
Experiments in animal nutrition have constituted a prominent line of
investigation at the Massachusetts Agricultural Experiment Station ever
since its organization, and numerous attempts have been made to deter-
mine the effect of feed on the composition of the resulting butter fat. ^
These experiments extended over a number of years and required the
analysis of many samples of fat. A careful study of the technique of fat
analysis, in so far as the more conmion group methods are concerned,
was undertaken at the outset and has been continued to the present time.
With increasing experience, plans were formulated for a systematic corre-
lation and standardization of the various processes, and considerable
progress has been made in that direction. The object was to promote
accuracy by greater uniformity and simplicity of methods, embracing
definition of terms, principles involved and details of manipulation, in-
cluding reagents, apparatus and glassware. A report on "Methods for
Fat Analysis"^ was published some years ago.
Innumerable modifications suggested by foreign and American investi-
gators in addition to those resulting from our own initiative have necessi-
tated a complete revision of former methods. While these in turn will be
superseded in the fight of subsequent progress, they are offered in the
hope that they may prove of service to fellow workers in oils and fats.
At the outset oils, fats and waxes are defined, classified, and a synopsis
of composition given in order that the value of the data contributed by
the various determinations whereby the "structural" composition of the
product is evolved may be fully understood. The organoleptic tests are
merely enumerated, as their application is self-evident. They are employed
in classification, are very serviceable in identification, and particularly
valuable in discriminating as to quality or grade, for which experience
and general knowledge of the trade are essential.
The more prominent physical tests are of such a well-known character
that time is not taken to consider their special modifications. They
furnish a certain amount of confirmatory evidence, and are occasionally
employed for "culhng" suspicious samples. With lubricating and illum-
1 Mr. Reed was associated in the earlier and Mr. Buckley in the later stages of the work.
* Rpts.HatchExpt. Sta., 13, pp. 14-33 (1901); 14, pp. 162-168 (1902); 16, pp. 45-62 (1904). Mass.
Agr. Expt. Sta. Rpt. 21, Pt. 2, pp. 66-110 (1909).
» Rpts. Mass. Agr. Expt. Sta., 21, Pt. 2, pp. 120-138 (1909); 22, Pt. 1, p. 139 (1910).
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mating (hydrocarbon) oils they are far more important. The chemical
methods are indispensable for determining the identity, composition and
qualitj^ of oils and fats, and are treated in a monographical way.
In standardizing the methods an effort was made to use not only the
same flasks but also the same amount of material, volume of solution and
indicator, and the same agent to facihtate boiling and like conditions of
treatment in so far as possible. All the methods, practically without
exception, have been modified in reagents and manipulation, and atten-
tion called to numerous precautions found necessary for accurate work.
This is especially noticeable in the determination of insoluble acids,
unsaponifiable matter and iodine number. The determination of acetyl
number should be considered a new method. The process for determin-
ing stearic acid is a modification of the Hehner and Mitchell method
adapted for use with the insoluble acids of butter fat for which the orig-
inal did not prove applicable. The limits of error are original, based
chiefly on practical manipulation, although considered on theoretical
grounds. The s^'Tlopsis of reaction expresses the successive steps and
underlying principle in each process free from verbiage. The supple-
mentary notes include any information, original or otherwise, that might
be of service in interpreting results. All tables and formulas are calcu-
lated on the latest atomic weights, and many formulas express old princi-
ples in a new light.
This article constitutes a portion of a paper submitted for the degree
of doctor of philosophy at the Massachusetts Agricultural College.
CLASSIFICATION— Oils, Fats and Waxes.
Natural oils may be divided into two major groups, i.e., essential,
ethereal or volatile oils, and fatty, fixed or nonvolatile oils.
The fatty oils may be subdivided according to consistency at ordinary
temperature into oils and fats; according to origin, into vegetable and
animal; according to properties, into drying, semidrying and nondrying,
etc.
Waxes are generally grouped with the fatty oils on account of their
similar chemical structure. Oils and fats are essentially neutral glyceryl
esters, compounds of fatty acids and the soluble tribasic alcohol, glycerol.
Waxes are composed of esl ers of fatty acids and insoluble monobasic and
occasionally dibasic alcohols, together with a considerable proportion of
free alcohols and of hydrocarbons.
Any general classification of oils, fats and waxes, whether of origin, of
physical characteristics, or of chemical characteristics, is open to criti-
cism; probably that of Lewkowitsch, based on the magnitude of the
iodine number correlated with that of consistency, origin and properties,
is the best that has been offered.
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Oils, Fats and Waxes.
Oils
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Transparency or opacity (0.5
inch cell).
Fluorescence or bloom,
Odor (cold and hot), .
Taste,
Mineral oils, seldom in fatty oils.
Characteristic of product (fatty acids, amines, etc.).
Rancidity.
(Characteristic of product.
Finest (first quality), "hard," "harsh."
Rancidity.
Specific gravity,
Melting point, .
Solidifying point,
Refractive index,
Optical rotation,
Colorimeter,
Viscosity,
Solubility,
Flash point.
Ignition point,
.
Physical Tests
t
t = 20°, 40° and 60° C.d
1 4°C.
I Coefficient of expansion.
° C. (lower in mixed than in simple glycerides)
.
°C.
j Abbe refractometer, n—
\ D
t = 20°, 40° and 60° C.
Dispersion.
Dextro rotatory, 200 m.m. tube.
Lsevo rotatory.
Lovibond tintometer, 0.5 inch cell.
Redwood viscosinieter, 70° Fahr.
Crismer, critical temperature of dissolution, ° C.
Valenta test, ° C.
°C.
°C.
Synopsis of Composition— Oils and Fats.
Neutral fat (glycerides)
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Faity Acids and Glycerides.
Total fatty acids.
Neutralization number
96 MASS. EXPERIMENT STATION BULLETIN 166.
Alcoholic potash solution : ^ 50 cubic centimeters of a saturated solution
of potassium hj^droxidCj.free from carbonate, to 1,000 cubic centimeters
of alcohol. The alkali should be added to the alcohol slowly with agita-
tion in order to prevent any appreciable rise in temperature. The solu-
tion should be allowed to stand at least twenty-four hours and filtered
immediately before use.
N/2 hydrochloric acid.
Phenolphthalein solution: 1 gram to 100 cubic centimeters of alcohol,
neutrahzed.
Cotton blue 6B ^ solution: 2 grams to 100 cubic centimeters of alcohol.
The indicator should be boiled in a flask under a reflux condenser for two
hours and then filtered.
Method. — Into a 300 cubic centimeter Erlenmeyer flask are brought 5
grams of fat (care being taken to avoid getting any fat on the sides of the
flask), together with 50 cubic centimeters of alcohohc potash, ^ accurately
measured with a burette, 50 cubic centimeters of alcohol and several
glass beads. The flask is connected with a spiral or other form of reflux
condenser and the solution boiled vigorously on a water bath (see Figs. 1
and 2) with occasional rotation until saponification is complete, — about
Fig. 1. — Steam-heated water bath employed in the determination of saponification,
acid and acetyl numbers and insoluble acids.
' Approximately 0.65 N solution. Alcoholic potash will dissolve about 0.04 gram of potassium
carbonate to 100 cubic centimeters, according to Holde.— Chem. Rev. Fett u. Harz Indus., 14,
pp. 105-107 (1907).
' Sodium salt of triphenylpararosaniline-trisulphonic acid. Obtained from National Aniline
and Chemical Company, 100 William Street, New York, N. Y.
' For waxes, especially wool wax, potassium alcoholate is preferable on account of its greater
efficiency. The solution should be freshly prepared by dissolving 5 grams of metallic potassium
in 100 cubic centimeters of absolute alcohol. — Lewkowitsch, Analysis of Oils, Fats and Waxes,
1, p. 107 (1913).
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sixty minutes. The reaction is quadrimolecular with triglycerides. The
flask is then placed in a water bath at 60° C, and the solution, after cool-
ing to that temperature, titrated with N/2 hydrochloric acid, using 1
cubic centimeter of phenolphthalein as indicator, to the complete eUm-
ination of the pink color. The coohng and dilution of the solution, due
to the addition of the acid, occasionally give rise to small colored parti-
cles; this can be obviated by a shght increase in temperature. The end
point is particularly difficult to determine in the presence of aldehydes,
which impart a dark reddish-brown color to the solution. Fish oils behave
<^:><^> c::> c:> <^ d^
Fig. 2. — Detailed drawing of Fig. 1.
in a hke manner. In such cases cotton blue (1 cubic centimeter) is pref-
erable to phenolphthalein. The change in color is from red with alkalies
to blue with acids. The two indicators appear to give like results when
considered in connection with their respective blanks. Absorption of
carbonic acid from the air should be guarded against at all times. As
alcoholic potash gradually loses alkalinity on boiling, the operation should
be timed •nith reasonable care. Several blank determinations should be
run ^\dth every series of tests under precisely similar conditions. The
difference between the titration of the blank and that of the excess alkali
in the test is the acid equivalent of the fat taken, which should be calcu-
lated to miUigrams of potassium hydroxide for 1 gram of fat.
1 cubic centimeter of N/2 acid is equivalent to 28.054 milligrams of
potassium hj'droxide.
Limit of error, 0.50 milligram.
Synopsis of Reaction.
(RCOO)3C3H6+3 KOH =3 RCOOK+C3H6(OH)3
fat alkali salti glycerol
> The term "soap" is now limited by custom to the alkali salts of insoluble fatty acids.
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Titration of excess alkali.
R in the graphic formula of the fatty acids represents C and H in differ-
ent amounts, according to the acid, but in the proportion of CnHjn+i,
except in the case of unsaturated and of dibasic acids.
Saponification Numbers of Triglycerides.
Glyceride. Formula. Molecular
Weight.
Saponifica-
tion
Number.
Acetin, .
Butyrin,
Valerin,
Caproin,
Caprylin,
Caprin,
Laurin, .
Myristin,
Palmitin,
Stearin,
Arachin,
Olein, .
Erucin, .
Linolin,
Linolenin,
Clupanodonin,
Ricinolein, .
Dihydroxystearin,
(CHaCOOsCsHs
(C3H7COO)3C3H6
(C4H9COO)3C3H6
(C6HaCOO)3C3H5
(C7Hl6COO)3C3H5
(C9Hl9COO)3C3H5
(CllH23COO)3C3H5
(Cl3H27COO)3C3H5
(Cl6H3lCOO)3C3H5
(Cl7H36COO)3C3H5
(CisHssCOOsCsHo
(;Cl7H33COO)3C3H5
(C2lH4lCOO)3C3H5
(Cl7H3lCOO)3C3H5
(Cl7H29COO)3C3H5
(Cl7H27COO)3C3H5
(Cl7H32.0H.COO)3C3H6
(Cl7H33(OH)2COO)3C3H6
218.112
302.208
344.256
386.304
470.400
554.496
638.592
722.688
806.784
890.880
974.976
884.832
1,053.024
878.784
872.736
866.688
932.832
986.880
771.732
556.981
488.950
435.729
357.832
303.562
263.586
232.914
208.636
188.941
172.644
190.233
159.848
191.542
192.869
194.215
180.444
170.562
Supplementary Notes. — The term "saponification or saturation equiv-
alent," as employed by Allen ^ and others, indicates the grams of fat that
are saponifiable with one equivalent of potassium hydroxide in grams
(56.108); in other words, the grams of fat saponifiable with 1 liter of N
potassium hydroxide.
Saponification equivalent (sq)
Saponification number (s) =
56108
s
56108
sq
mg. of fat.
c.c. N alkali'
The lower the molecular weight of the fatty acids (or esters) the more
alkali will be required to satisfy 1 gram, and the higher will be the saponifi-
cation number. The presence of free fatty acids increases the saponifica-
tion number, and unsaponifiable matter decreases it. The majority of oils
' Commercial Organic Analysis, 2, pp. 15, 16 (1910).
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and fats have saponification numbers lying between 185 and 200, with a
mean of approximately 193. While the nunibers for different products are
quite characteristic they are bj^ no means fixed or constant, varying with
the state of purity and rancidity. The character of an oil or fat is affected
also by natural conditions, such as climate, soil, food supplj^ and other
factors influencing formation or production, and by method of separation
or preparation.
Fats and oils containing a considerable amount of the glycerides of the
lower (volatile) fatty acids and of myristin are characterized by a saponi-
fication number exceeding 200. Among the more prominent of these,
testing from 210 to 290, are croton oil, spindle tree oil, turtle, dolphin
jaw, porpoise jaw and brown fish of the blubber oils, several of the myris-
tica group, the coconut oil group including palm-nut, coconut and other
less common oils, the dika fat group, Japan wax and butter fat. Oils and
fats containing a considerable proportion of glycerides of the higher fatty
acids, particularly hydroxy acids, are characterized by low saponification
numbers. Castor oil, consisting largely of ricinolein, has a saponification
number of about 185. The rape oil group, including rape (colza) and
various mustard oils, have saponification numbers of about 175, on account
of the large proportion of erucin.
Liquid and sohd waxes, such as sperm oil, flax wax, wool wax, beeswax,
spermaceti, insect wax, etc., are characterized by extremely low saponifi-
cation numbers, from 80 to 140, due to the large proportion (nearly one-
haff) of monobasic alcohols and of hydrocarbons.
Monoglycerides, with only one acid radical, and diglycerides, with two,
have a lower saponification number than the corresponding triglycerides
with three acid radicals.
Glycerides can also be hydrolyzed by concentrated mineral acids; by
superheated steam with a catalyzer such as hydrochloric acid or with an
accelerator such as caustic lime, potash or other oxide; by enzymes; by
sulfoaromatic compounds such as Twitchell reagent, etc.
Acid Number.
The acid number indicates the number of milHgraiiis of potassium
hydroxide required to neutrahze the free fatty acids in 1 gram of an oil,
fat or wax.
Rea,qents. — Alcohol: redistilled, free from acids and aldehydes.
N/10 potassium (or sodium) hydroxide.
Phenolphthalein solution: 1 gram to 100 cubic centimeters of alcohol,
neutralized.
Cotton blue 6B solution: 2 grams to 100 cubic centimeters of alcohol.
The indicator should be boiled in a flask under a reflux condenser for two
hours and then filtered.
Method. — Ten grams of fat are brought into a 300 cubic centimeter
Erlenmeyer flask, together with 100 cubic centimeters of alcohol and
several glass beads. The flask is connected with a spiral or other form of
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reflux condenser and the solution brought to boil on a water bath to insure
solution of the free fatty acids. The boiling should not be prolonged, as.
esterification is liable to result. The flask is then placed in a water bath
at 00° C, and the solution after cooling to that temperature titrated with
N/10 alkah, using 1 cubic centimeter of phenolphthalein as indicator, to
the appearance of a pink tint. N/2 alkali is preferable for high percent-
ages of free acids, preventing unnecessary dilution and cooling of the' solu-
tion which otherwise might cause partial hydrolysis of the resulting soap ^
if the alcoholic strength fell below 40 per cent. - In practical work, how-
ever, at least 50 per cent, is advisable. As the change in color with phen-
olphthalein is gradual in many instances, without a sharply defined end
point, cotton blue (1 cubic centimeter) offers certain advantages in sucli
cases, as it yields a pronounced red and is more decisive. The coloration
is not permanent with either indicator because of the saponification of
neutral esters and the decolorizing action of carbonic acid absorbed from
the air on shaking. Thorough shaking during titration, however, is essen-
tial, although the color persists for only a short time. Several blank
determinations should be run on the alcohol with every series of tests, and
deducted. Redistilled alcohol should be practically neutral, or can be
readily made so by the addition of alkali.
1 cubic centimeter of N/10 alkah is equivalent to 5.6108 milligrams of
potassium hydroxide.
Limit of error, 0.10 milhgram.
Synopsis of Reaction.
RCOOH+KOH =RCOOK +H2O
Supplementary Notes. — Koettstorfer expresses the acidity in cubic-
centimeters of N potassium hydroxide required for 100 grams of fat as
"degrees of acidity." Stockmcier^ reports "degrees of rancidity" in the
same manner. Ten grams of fat with N/10 alkali are, however, a more
convenient amount with which to work.
1° rancidity = .56108 acid number
1 acid number = 1.78228° rancidity
The amount of free acids in lubricating oils is sometimes reported m
terms of sulfuric anhj^dride (SO3)
.
The acid number of oils and fats varies with the purity, age and amount
of hydrolj^sis and of oxidation they have undergone. Contact with fer-
menting or decaying matter, such as animal tissue, casein of butter and
' On diluting and cooling a clear hot solution of neutral alkali palmitate or stearate (RCOOK), a
precipitate containing more than one equivalent of fatty acids to one of alkali is produced, and the
ratio tends to increase with greater dilution. Neutral oleate acts in a like manner, although
investigators differ as to its relative stability. Holde claims that 80 per cent, alcohol is necessary-
to prevent hydrolysis of the oleate.
2 Kanitz, Ber. Deut. Chem. Gesell. 1903, p. 400. (From Lewkowitsch.)
' Abstract, Vrtljschr. Chem. Nahr. u. Genussmtl. 4, pp. 428-429 (1889).
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the marc of fruits, tends to rapidly increase the amount of free acids.
Acidity is not a measure of rancidity, as hydrolysis may result from the
action of enzymes (lipases) in the presence of moisture without accompa-
nying oxidation, which appears necessary for the production of strong-
smelhng, acrid-tasting bodies (such as aldehydes, ketones, free volatile
acids and esters of acids of low molecular weight) that characterize rancid
products. Rancidity is due, apparently, to the simultaneous action of
oxygen and of light on free fatty acids, and on glycerol. The latter does
not seem to occur free, but appears to be decomposed immediately on
formation. Rancidity develops more readily in liquid oils in which olein
predominates than in the sohd fats which are composed more largely of
palmitin and stearin. Fresh animal fats are practically free from acid,
while vegetable oils seem to contain a small amount. Relatively large
amounts of free fatty acids are sometimes found in corn, sesame, peanut,
rice, olive (especially "bagasse" olive oils), and Japanese sardine oils, in
the so-called vegetable butters and tallows and other vegetable fats, par-
ticularly palm oil, and in bone fat, beef tallow and butter. The amount
.of free fatty acids in waxes is probably smaller and the variation less than
in oils and fats, although carnauba wax and especially beeswax appear to
contain considerable. In a measure, acid number indicates "quaUtj^" of
the product.
Mineral acids when present may be determined by shaking out vnth
hot water in a separatory funnel, and by titrating the solution when cold
with N/2 or N/10 allcali (according to the amount of acids present), using
1 cubic centimeter of methyl orange (1 to 1,000) as indicator. Methyl
orange is not affected by carbonic acid, or by the insoluble fatty acids,
and only to a hmited extent by the soluble fatty acids, and is, therefore,
well adapted for the purpose.
Mineral lubricating oils should not contain an appreciable amount of
free acids. The acidity may be due to sulfuric acid from the refining
process, to resinous bodies or to naphthenic acids. These acids should be
neutralized with alkaU and removed by washing or by sedimentation and
filtration.
Ether (Ester) Number,
The ether number indicates the number of milligrams of potassium
hydroxide required for the saponification of the neutral esters in 1 gram
of an oil, fat or wax.
The ether number is represented by the difference between the saponi-
fication and acid numbers, and in cases where there are no free fatty
acids present is identical with the saponification number.
Supplementary Notes. — Natural fats, both animal and vegetable, con-
tain practically only triglycerides, — neutral glyceryl esters. These glyc-
erides may occur, however, to some extent as complex molecules (mixed
triglycerides) instead of simple. The composition of mixed glycerides is
diflEicult to deternaine, as they appear to suffer intramolecular changes on
being treated with a solvent.
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Monoglycerides and diglycerides apparently never occur in nature nor,
to any appreciable amount, in freshly prepared oils and fats. The pres-
ence of free fatty acids indicates previous hydrolysis of the triglycerides,
and hydrolysis conditions the presence of monoglycerides and diglycerides;
therefore the so-called ether number loses its definite character as free
acids increase.
Calculated Data from Saponification, Acid and Ether Numbers.
Glycerol. — In the saponification of any triglyceride, 3 molecules, or
168.324 parts, of potassium hydroxide combine with 1 molecule of fat,
setting free 1 molecule, or 92.064 parts, of glycerol; therefore 1 gram of
potassium hydroxide is equivalent to .54695 gram of glycerol.
(RCOO)3C3H5+3 KOH =C3H5(OH)3+3 RCOOK
fat alkali glycerol salt
The percentage of glycerol (G) can be calculated from the ether number
(e) by means of the formula ^ —
G =.00054695 e (1)
This formula is not applicable in the case of fats containing monoglyc-
erides and diglycerides. The higher the saponification number or, in
other words, the lower the mean molecular weight of the constituent
acids, the greater the proportion of glycerol. Monoglycerides and diglyc-
erides contain a larger proportion of glycerol than the triglycerides.
Total Fatty Acids. — In the saponification of a fat, 3 molecules, or
54.048 parts, of water are required for every molecule, or 92.064 parts, of
glycerol separated.
(RCOO)3C3H6+3 H2O =C3H5(OH)3+3 RCOOH
54.048 92.064
The percentage of total fatty acids (T) in 1.00 part of fat can be calcu-
lated from the percentage of glycerol (G) by means of the formula 2—
^•"" 92.064^
and substituting the value of glycerol in terms of ether number (e) : —
rn 1 r^r. /38.016 \T = 1.00 - {^^^^ X .00054695 e j or
1.00 - .00022585 e ' (2)
' Zulkowski, Ber. Deut. Chem. Gesell. 16, p. 1140. 2 Loc. cit., p. 1315.
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In other words, assuming a fat to be composed of a mixture of triglj'c-
erides and free fatty acids, if the group C3H2 in an amount proportional
to the glycerol content be deducted from 1.00, the percentage of total
fatty acids may be obtained.
(RCOO)3C3H5+RCOOH -C3H2 =4 RCOOH
Neutral fat Free Total
fatty fatty
acids acids
T = l-00-ii!G or
1.00 - .00022585 e (2)
In case of fats containing appreciable amounts of unsaponifiable matter
proper correction should be made for the same.
Neutralization Number and Mean Molecular Weight of Total Fatty
Acids. — The neutralization number (n) and mean molecular weight (m)
of the total fatty acids (T) can be calculated from the ether (e) and saponi-
fication (s) numbers by means of the formulas —
n = -
T
1.00
-.00022585 e
56108
(3)
(4)
Neutralization Number and Mean Molecular Weight of Fatty Acids in
Neutral Fat. — The molecular weight (mj) and neutralization number
(ui) of the acids in the neutral fat can be calculated from the ether num-
ber (e) and the percentage of neutral fat (N) — determined either gravi-
metrically or by difference ^ — by the formulas ^—
Molecular weight of neutral fat = X N or
e
168324 N
6
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The neutralization number (n^) and molecular weight (mi) of the
acids in the neutral fat can also be calculated from the ether number (e)
and the percentage of total fatty acids (T) and free fatty acids (A) by
the formula—
T — A may be derived from formulas (2) and (16).
56108 ff,\mi = (8;
ni
Mean Molecular Weight arid Sapordfication Number of Neutral Fat. —
The molecular weight (m2) of the neutral fat can be calculated from the
ether number (e) and the percentage of neutral fat (N) as shown above
by the formula—
^^^
3X56108
><^ or
e
168324 N
,^.
e
or from the mean molecular weight (mi) of the acids of the neutral fat: —
m2= 3 mi +38.016 (10)
The saponification number (S2) can be calculated from the mean molec
ular weight {,m2) by means of the formula—
s. = 3X56108
^^^^
m2
Fatty Acids and Glycerol in Neutral Fat. — The percentage of fatty
acids (F) and of glycerol (G) in neutral fat can be calculated from the per-
centage of neutral fat (N) and the mean molecular weight (mi) of the
fatty acids in the neutral fat : ^—
(RCOO) 3C3H6 +3 H2O = 3 RCOOH +C3H6(OH)
3
F = ^^^— X N (12)
Smi+CsHi
The percentage of glycerol (G) in neutral fat (N) can also be calculated
from the percentage (F) and molecular weight (mi) of the acids of neutral
fat by the formula—
^_
3mi+C3Hi
.^j^ ^j. 3 mi +38.016 ^,p
3 mi 3 mi
(.^ C3Hs(0H), 92.064
3mi+C3H2^ 3 mi +38.016^
I A close approximation can usually be obtained by using the mean molecular weight of the
total fatty acids.
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substituting the value of N in terms of F and mi
^ ^
92.064 ^ 3 mi +38.016
^ j,
3 m, +38.016
92.064
3 mi
3 mi
XF (14)
The total fatty acids are equal to the sum of the fatty acids in the neu-
tral fat and the free fatty acids.
Percentage of Fatty Acids and Glycerol in Triglycerides.
Glycerides. Formula.
Fatty
Acids (Per
Cent.).
Glycerol
(Per Cent.).
Acetin, .
Butyrin,
Valerin,
Caproin,
Caprylin,
Caprin,
Laurin, .
Myristin,
Palmitin,
Stearin,
Arachin,
Olein, .
Erucin, .
Linolin,
Linolenin,
Clupanodonin,
Ricinolein,
.
Dihydroxystearin,
(CHsCOOsCsHs
(C3H7COO)3C3H5
(C4H9COO)3C3H6
(C6HllCOO)3C3H6
(C7Hl5COO)3C3H6
(C9Hl9COO)3C3H5
(CllH23COO)3C3H6
(Cl3H27COO)3C3H6
(Cl6H3lCOO)3C3H5
(Cl7H35COO)3C3H6
(Cl9H39COO)3C3H5
(Cl7H33COO)3C3H5
(C2lH4lCOO)3C3H5
(Cl7H3lCOO)3C3H5
(Cl7H29COO)3C3H5
(Cl7H27COO)3C3H5
(Cl7H32.0H.COO)3C3H5
(Cl7H33(OH)2COO)3C3H5
82.570
87.421
88.957
90.159
91.918
93.144
94.047
94.740
95.288
95.733
96.101
95.704
96.390
95.674
95.644
95.614
95.925
96.148
42.210
30.464
26.743
23.832
19.571
16.603
14.417
12.739
11.411
10.334
9.443
10.405
8.743
10.476
10.549
10.623
9.869
9.329
Free Fatty Acids. — The acid number (a) can be readily converted
into percentage of free fatty acids (A) expressed as oleic, as sulfuric an-
hydride (SO3), as an assumed acid with a molecular weight determined
by formula (4), or as the acid of any other molecular weight (mg).
A = aXms
56108
(15)
When the free acid or the predominant acid in a mixture is known it
is often desirable to report acidity in terms of that acid. In such cases it
is preferable to calculate the percentage directly from the titration by
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factor .0001 of the molecular weight of the acid (monobasic) for an N/10
solution, or .001 for N.
The percentage of acidity (A) can also be calculated from the acid
number (a) and the neutralization number (n) of the total fatty acids. ^
A = ^ (16)
n
The percentage of free fatty acids can be estimated approximately from
the acid number (a) and saponification number (s) : —
Neutral Fat and Unsapoiiifiable Matter. — The percentage of neutral
fat and unsaponifiable matter can be determined by difference, — 1 .00
minus per cent, of free fatty acids.
Neutral Fat and Free Fatty Acids. — The percentage of neutral fat (N)
and free fatty acids (A) can be estimated from the ether number (e) by
assuming an average saponification number (k) for the neutral product
as basis for the calculation.
N = «
k
A= 1.00 -N
Soluble Fatty Acids.
The soluble fatty acids in an oil, fat or wax indicate the percentage of
fatty acids that is soluble in water. ^
The percentage of soluble fattj^ acids can be readily calculated by
difference, — total fatty acids less the insoluble. It is unnecessary to
make the actual determination in most instances. When desired for
some particular purpose, however, the test may be carried out as follows: —
Reagents. — Alcohol: redistilled, free from acids and aldehydes.
Alcoholic potash solution: 50 cubic centimeters of a saturated solution
of potassium hydroxide, free from carbonate, to 1,000 cubic centimeters
of alcohol. The alkali should be added to the alcohol slowly, with agita-
tion, in order to prevent any appreciable rise in temperature. The solu-
tion should be allowed to stand at least twenty-four hours and filtered
immediately before use.
N/2 sulfuric acid.
N/2 potassium (or sodium) hydroxide.
Phenolphthalein solution: 1 gram to 100 cubic centimeters of alcohol,
neutralized.
Method. — Five grams of fat are brought into a 300 cubic centimeter
Erlenmeyer flask, together with 50 cubic centimeters of alcoholic potash,
accurately measured with a burette, and 50 cubic centimeters of alcohol.
The flask is connected with a spiral or other form of reflux condenser and
the solution boiled on a water bath with occasional rotation until saponi-
' Strictly it should be the neutralization number of the free fatty acids. The number of cubic
centimeters of N alkali required can be substituted in place of the values a and n.
* This may mean either hot or cold water, according to the method employed.
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ficatioii is complete, —• about sixty minutes. The condenser is then re-
moved and the flask placed in a water bath (immersed in the water) and
the alcohol evaporated at a gradually increasing temperature, care being
taken to prevent spattering. The last traces of alcohol, occluded in the
soap, are expelled by breaking up the dry cake or by dissolving it in water
and continuing the heating. Water to a volume of 100 cubic centimeters
and 1 cubic centimeter of N/2 sulfuric acid in excess of that required to
neutralize the 50 cubic centimeters of alcoholic potash are added, and the
flask, connected with a spiral condenser, heated on a water bath until the
separated fatty acids and underlying liquid become clear. From this
point the process is conducted the same as for insoluble acids, using a
spiral condenser to prevent loss of volatile acids. The combined filtrate
and washings are titrated with N/2 potassium hydroxide, using phenol-
phthalein as indicator. The difference between the titration of the test and
that of the excess N/2 acid (1 cubic centimeter) is the alkali equivalent
of the soluble acids in the fat taken, which should be calculated to milli-
grams of potassium hydroxide for 1 gram of fat.
1 cubic centimeter of N/2 alkali is equivalent to 28.054 milligrams of
potassium hydroxide.
Tlie percentage of soluble fatty acids (S) is calculated from the number
of milligrams of potassium hydroxide (k) required to neutralize the solu-
ble acids in 1 gram of fat and the determined (or estimated) neutraliza-
tion number (n) of the soluble acids by the formula—
n
Limit of error, 0.25 per cent.
Supplementary Notes. — The solubility of acids of the acetic series de-
creases with the increase in number of carbon atoms in the molecule.
The so-called "soluble" acids include capric and all acids of less carbon
atoms.
Acid.
Soluble in 100 Parts of
Water.
15° C. 100° c.
Acetic (very soluble), J
Butyric (very soluble),
Valeric (soluble),
Caproic (difficultly soluble),
Caprylic (insoluble),
.
Capric (insoluble),
.25
.10
' Solubility based on Mulliken's classification. Identification of Pure Organic Compounds, 1,
p. 38 (1911): —
in — Grams in 100 c. c.
20
One Gram
Very soluble, 5 c. c
Easily soluble, 5- 20 c. c. 20-5
Soluble 20- 50 c. c. 5-2
Difficultly soluble, . 50-150 c. c. 2-. 66
Very difficultly soluble 150-500 c. c. .C6-.2
Insoluble 500 c. c. and over. .2and under.
108 MASS. EXPERIMENT STATION BULLETIN 166.
Laurie is classed as "insoluble," although slightly soluble in boiling
water.
A soluble dibasic acid occurs in Japaii wax which is not volatile.
Neutralization Number. — The neutralization number indicates the
number of milligrams of potassium hydroxide required to neutralize 1
gram of soluble fatty acids.
The difference between the saponification number (s) of the fat and the
product of the percentage of insoluble fatty acids (I) times their neutral-
ization number (ui) indicates the milligrams of potassium hydroxide re-
quired to neutralize the soluble fatty acids in 1 gram of fat, which, di-
vided by the percentage of soluble fatty acids (S), gives the neutraUzation
number (n) of the soluble fatty acids.
s— Ini
Mean Molecular Weight. — The molecular weight (m) of the soluble
fatty acids can be calculated from the neutralization number (n) by
means of the formula—
-„ 56108
Neutralization Numbers of Soluble Fatty Acids.
Acid. Formula. MolecularWeight.
Neutraliza-
tion
Number.
Acetic,
.
Butyric,
.
Valeric, .
Caproic, .
Caprylic,
Capric,
.
CHsCOOH
C3H7COOH
C4H9COOH
CsHuCOOH
C-HisCOOH
C9H19COOH
60.032
88.064
102.080
116.096
144.128
172.160
934.635
637.128
549.647
483.290
389.293
325.906
Glycerides of Soluble Fatty Acids. — The percentage of triglycerides (Sg)
can be calculated from the percentage (S) and molecular weight (m) of
the soluble fatty acids by the formula—
St = 3 m +38.016 ^ g3m
Glycerol in the Glycerides of Soluble Acids. — The percentage of glycerol
(G) in the glycerides of soluble acids can be calculated from the per-
centage (S) and molecular weight (m) of the soluble acids :—
3 m
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See derivation of formula (14) and table "Percentage of Fatty Acids
and Glycerol in Triglycerides."
Mean Molecular Weight and Saponification Number of the Glycerides of
Soluble Acids. — The mean molecular weight (m^) and saponification
number (S2) of the glycerides of the soluble acids can be calculated from
the molecular weight (m) of the soluble acids:—
m2= 3 m+ 38.016
3X56108
See table "Saponification Number of Triglycerides."
From the above formulas factors were deduced for the soluble acids
enumerated below, by means of which the percentage of triglycerides and
of glycerol may be calculated readily from the percentage of fatty acids.
Acid.
Factor for Per
Cent, of
Triglycerides.
Factor for
Per Cent, of
Glycerol.
Acetic,
Butyric,
Valeric,
Caproic,
Caprylic,
Capric,
1.21109
1.14390
1 . 12414
1.10915
1.08792
1.07361
.51119
.34847
.30063
.26433
.21292
.17825
Reicheet-Meissl Number.
The Reichert-Meissl number^ indicates the number of cubic centi-
meters of N/10 potassium hydroxide required to neutralize that portion
of the volatile fatty acids wliich is obtained from 5 grams of an oil, fat
or wax by the Reichert distillation process.^
Reagents. — Glycerol potash solution: 120 grams of potassium hydroxide,
free from carbonate, to 1,000 cubic centimeters of pure glycerol, heated
sufficiently to dissolve the alkali (about 115° C).
Sulfuric acid: 1 to 4.
N/10 potassium (or sodium) hydroxide.
Phenolphthalein solution: 1 gram to 100 cubic centimeters of alcohol,
neutralized.
Method. — Into an Erlenmeyer flask of 300 cubic centimeters capacity
are brought 5 grams of fat, care being taken to avoid getting any fat on
the sides of the flask, together with 20 cubic centimeters of glycerol
potash, heated over a small naked flame and rotated continuously until
the saponification is complete, as shown by the solution becoming per-
» The Reichert-Meissl number is about 2.2 times as great as the Reichert.
yais of Oils, Fats and Waxes, 1, p. 417, (1913).
« Ztschr. Analyt. Chem. 18, pp. 68-73 (1879).
-Lewkowitsch, Anal-
110 MASS. EXPERIMENT STATION BULLETIN 166.
fectly clear. Care should be taken not to overheat and discolor the mate-
rial. The soap when cold should be absolutely free from globules of fat.
Ten grams of glass beads, ^ 135 cubic centimeters of recently boiled
distilled water, and 5 cubic centimeters of sulfuric acid (1 to 4) are added,
and the flask connected with a Liebig condenser.^ (See Fig. 3.) The
mixture is heated on 16-mesh Ni-chrome wire gauze at low ebullition,
until the separated fatty acids and underlying liquid become clear. One
hundred and ten cubic centimeters are then distilled as nearly as possible
in thirty minutes, and received in a graduated flask. . The flame should
Yia. 3. — Distillation apparatus employed in the determination of Reichert-Meissl number.
be well oxidized to induce vigorous agitation of the beads, thus assuring a
more thorough separation of the volatile acids. The distillate is thoroughly
mixed and passed through a dry, dense filter to remove all traces of higher
fatty acids that appear as oily drops or white solid particles. One hundred
cubic centimeters are pipetted into an Erlenmeyer flask and titrated
with N/10 alkali, using 1 cubic centimeter ^ of phenolphthalein as indi-
cator, avoiding entirely the addition of water. The pink coloration should
hold several minutes. Care should be exercised at all times during the
process to prevent the absorption of carbonic acid. Blank determinations
should be run with every new lot of reagents. The titration reading,
1 Weighing approximately one-half gram each.
' A vertical condenser with a rapid circulation of cold water is preferable.
' A definite quantity is necessary if the mean molecular weight is to be determined.
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multiplied by 1.1, minus the blank, and reduced to a 5-gram fat basis,
is the Reichert-Meissl number.
Limit of error, 0.25 cubic centimeter.
Synopsis of Reaction.
(RCOO)3C3Hg+3 K0H= 3 RCOOK+ C3H5(OH)3
fat alkali salt glycerol
The glycerol acts as a transmitter of heat, having a boiling point of
290° C.
2 RCOOK+ H2SO1 = 2 RCOOH+ K2SO4
Distillation of the volatile acids. Titration.
Sup-plementary Notes. — As this method is only an arbitrary one it is
essential to adhere strictly to the conditions of operation as laid down if
comparative results are to be obtained, and by so doing over 80 per cent,
of the soluble acids in butter can be secured in the distillate. Jensen
states that the Reichert process ^ yields with butter fat 85 to 88 per cent,
of the total butyric, 24 to 25 per cent, of the caprylic, and 85 to 100 per
cent, of the capric acids. Repeated distillation yields higher results, but
is accompanied by decomposition of the nonvolatile acids. Glycerol
potash is preferable to alcoholic potash in that it shortens the process
and prevents possible loss due to the formation of esters during saponifi-
cation. Sodium hydroxide has greater basicity than potassium hydroxide,
but the resulting hard soap is less soluble. The fatty acids appear to have
practically the same affinity for both hydroxides.
Acetic, butyric, valeric, caproic, caprylic and capric are the only fatty
acids that can be distilled under ordinary pressure without decomposi-
tion. These acids have comparatively high boiling points, as shown by
the following table, but owing to their high vapor tension they can be
readily distilled from aqueous solutions with steam, and are termed "vola-
tile" acids: —
Acids. Boiling Point(° C).
Acetic,
Butyric,
Valeric,
Caproic,
Caprylic,
Capric,
118.1
162.3
186.0-186.4
202.0-203.0
236.0-237.0
268.0-270.0
The boiling pomts rise with the increase in molecular weight. Laurie
acid is very slightly volatile in a current of steam. The nonvolatile acids
when distilled at ordinary pressure undergo partial decomposition and
1 Ztschr. Untersuch. Nahr. u. Geaussmtl. 1905, p. 272.
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yield hydrocarbons of the ethane and possibly other series. In vacuo
they can be distilled with or without superheated steam. f I h.-
Most of the natural fats and oils contain but a small amount of volatile
(soluble) fatty acids, generally below 2 Reichert-Meissl number. Some
prominent exceptions have already been enumerated, being characterized
by saponification numbers exceeding 210. See supplementary notes under
"Saponification Number." The high Reichert-Meissl numbers of dolphin
and porpoise oUs may be due to valeric acid. The amount of volatile or
soluble acids in those oils and fats whose saponification number does not
exceed 195 is inappreciable.
Among the oils and fats with a high volatile acid content might be men-
tioned' myrtle seed oil, croton oil, oleander oil, senega root oil, lycopo-
dium oil, apeiba oil, dolphin oil, macassar oil, muriti fat, mocaya oil, palm
kernel oil, coconut oil and tonka butter, having Reichert-Meissl numbers
between 5 and 15; and spindle tree oil, malukang oil, dolphin jaw oil, por-
poise body oil, porpoise jaw oil, brown fish oil and butter fat, having
Reichert-Meissl numbers ranging from 25 to 50, or even greater in some
instances.
The amount of volatile acids is likely to increase with the age of the
sample.
The results of Wechsler^ and other investigators indicate that volatile
acids of higher molecular weight distill over before the lower acids, espe-
cially in cases where the neutrality of the solution is destroyed gradually
by several additions of acid instead of one, thus fractionating the dis-
tillates.
Neutralization Number and Mean Molecular Weight. — The titrated
volatile acids ^ resulting from the determination of the Reichert-Meissl
number are evaporated in a tared platinum dish and dried to constant
weight in an oven at 100° C. From the weight (w) of the salts and the
quantity (v) of N/10 alkaU used, the mean molecular weight (m) and the
neutralization number (n) can be calculated by the formulas—
RCOONa-Na+H= RCOOH
^
^ 40.008 (w -.0021992 v)
.0040008 V
10000 (w -.0021992 v)
V
56108
Blank determinations should be run with every new lot of reagents,
both by distillation (Reichert-Meissl number) and by evaporation of the
titrated portion (salts), and deducted in the calculation.
Limit of error, 1 unit molecular weight.
1 Lewkowitsch, Analysis of Oils, Fats and Waxes, 1, p. 423 (1913).
' Jour. Soc. Chem. Indus., 1894, p. 179. (From Lewkowitsch.)
» Using N/10 sodium hydroxide, prepared from caustic alkali that is free from carbonate and
other impurities. The solution should be filtered frequently to remove silica arising from de-
composition of the glass.
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Volatile Acids.
The percentage of volatile acids (V) can be calculated from the weight
(w) of the salts obtained, the quantity (v) of N/10 alkali used (as shown
above), and the weight (wj of fat taken for the Reichert-Meissl deter-
mination by the formula—
V = 1-1 (w -.0021992 V)
Wl
The percentage of volatile acids (V) can be calculated in a like manner
from the Reichert-Meissl number and the neutralization number (n) of
the volatile acids by the formula—
y_ 0.2R-M.No. X 5.6108
n
Formulas for calculating the amount of triglycerides of the volatile
fatty acids, the mean molecular weight and saponification number of the
triglycerides, and glycerol content will be found under like headings of
"Soluble Acids."
Polenske Number.
The Polenske number indicates the number of cubic centimeters of
N/10 potassium hydroxide required to neutrahze that portion of the
insoluble volatile acids which is obtained from 5 grams of an oil, fat or
wax by the Reichert distillation process.
Reagents. — Glycerol potash solution: 120 grams of potassium hydrox-
ide, free from carbonate, to 1,000 cubic centimeters of pure glycerol,
heated sufficiently to dissolve the alkali (about 115° C).
Sulfuric acid, 1 to 4.
Alcohol: redistilled, free from acids and aldehydes.
N/10 potassium (or sodium) hydroxide.
Phenolphthalein solution: 1 gram to 100 cubic centimeters of alcohol,
neutralized.
Cotton blue 6B solution: 2 grams to 100 cubic centimeters of alcohol.
The indicator should be boiled in a flask under a reflux condenser for two
hours and then filtered.
Method. — The method can be conducted in connection with the
Reichert-Meissl test, and may be considered supplementary to it. A
vertical condenser should be employed with a circulation of water ad-
equate to chill the distillate to 20° C, and the test carried out as usual.
The resulting distillate is chilled fifteen minutes at 15° C, carefully
mixed by reversing the flask several times (avoiding any shaking), and
poured through a dry 11 centimeter filter. The condenser, 110 cubic cen-
timeter flask and filter are washed tliree times in succession with 15 cubic
centimeter portions of water to remove soluble acids, and the wash waters
thrown away. The insoluble volatile acids in the condenser, 110 cubic
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centimeter flask and filter are dissolved in alcohol and titrated with N/10
alkali, using 1 cubic centimeter of phenolphthalein as indicator. The
titration reading minus the blank, reduced to a 5-gram basis, is the Po-
lenske number.
Limit of error, 0.10 cubic centimeter.
S7j7iopsis of Reaction. — Solution of insoluble volatile acids in alcohol.
Titration.
Supplementary Notes. — The Polenske number for most oils and fats
having a saponification number of about 195 rarely exceeds .65, unless
the product is excessively acid or rancid. ^ The Polenske number of butter
fat is about 2 to 3, of palm kernel oil, 10 to 12, and of coconut oil, 15 to 20.
Insoluble Fatty Acids and Unsaponifiable Matter (Hehner
Number). -
The insoluble fatty acids in an oil, fat or wax indicate (unless otherwise
stated) the percentage of fatty acids and unsaponifiable matter that is
insoluble in water. ^
Reagents. -^— Glycerol potash solution: 120 grams of potassium hydroxide,
free from carbonate, to 1,000 cubic centimeters of pure glycerol, heated
sufficiently to dissolve the alkali (about 115° C).
Sulfuric acid: 1 to 4.
Ceresine: pure white, filtered.
Ethyl ether: anhydrous and free from alcohol and residue.
Method. — Five grams of fat are brought into a 300 cubic centimeter
Erlenmeyer flask, together with 20 cubic centimeters of glj^cerol potash,
and heated over a small naked flame, rotating continuously until the sa-
ponification is complete, as shown by the solution becoming perfectly
clear. Care should be taken not to overheat and discolor the material.
The resulting soap, absolutely free from globules of fat, is dissolved in
150 cubic centimeters of hot water and decomposed with a shght (few
drops) excess of sulfuric acid (1 to 4).^ The flask is heated on a water
bath with occasional agitation, until the separated fatty acids and under-
lying liquid become clear. This requires a number of hours, generally
overnight, and must not be sUghted. The flask is immersed in cold water *
to sohdify the fatty acids, after which the solution is decanted through a
dense, ether-extracted filter, ^ care being taken not to break the insoluble
cake. One hundred and fiftj?^ cubic centimeters of boiling water are added,
thoroughly agitated, heated as above, cooled and decanted, the process
being repeated until the washings are free from acid. Litmus paper is
not sufficiently sensitive for this purpose. The final 150 cubic centi-
' Lewkowitsch, Analysis of Oils, Fats and Waxes, 1, p. 426 (1913).
" Angell and Hehner, Butter: Its Analysis and Adulteration (1874).
8 This may mean either hot or cold water, according to the method employed.
* About 5 cubic centimeters are required.
5 A flat-bottomed "plug" sink with the outlet closed with a perforated cork, carrying a piece of
glass tubing to regulate the height of the water, serves quite satisfactorily as a chilling bath.
^ Baker & Adamson Chemical Company, 12.5 centimeters washed filter paper, "B" dense.
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meters of filtrate should give a decided color with three or four drops of
N/10 alkali, using phenolphthalein as indicator. In those cases where
caprjdic and particularly capric acids are present the filtrate may give an
appreciable acid reaction after 10 to 15 washings. The treatment should
be continued until the acidity of the filtrate is less than 0.25 cubic centi-
meter N/10 solution.
In determining the insoluble acids of oils and fats having a low solidi-
fying point, the addition of .5 to 1 gram of ceresine ^ before treating with
sulfuric acid greatly facilitates subsequent work, and serves to protect
the unsaturated acids from decomposition.
The filter and inverted flask containing the cake of insoluble fatty acids
are allowed to drain in a cool place until practically dry. A convenient
filter stand for both filtration and draining is illustrated by Wiley. - The
small particles of fat adhering to the filter are dissolved in ether in a con-
tinuous fat extractor ' run into the flask, and the ether expelled in the usual
manner. The ether fumes are very persistent and necessitate blowing
out the flask -VNith hand bellows. The insoluble acids are dried in an oven
at 100° C, or in a vacuum oven at 70° C, to approximately constant
weight. At 100° C. the drying periods should not exceed two hours. The
weight of the flask is determined at the completion of the test, to offset
the solvent action of the reagents on the glass. Blanks should be run on
everj^ new lot of ceresine to determine the amount (if any) of soluble
material present.
There are compensating errors that usually result from tliis method,
namely, volatilization of fatty acids, dehydration of simple and of hj^droxy
fatty acids with the formation of anhydrides and of lactones, respectively,
and oxidation of unsaturated acids. ^ Drying in a vacuum oven at 70° C,
in a current of carbonic acid gas or even of dry air, will reduce oxidation
as well as dehydration and volatilization. •
Limit of error, 0.25 per cent.
Syriopsis of Reaction. — Similar to those of Reichert-Meissl number.
Swpiplementary Notes. — Differences in chemical structure of the msolu-
ble fatty acids permit of their classification into saturated, unsaturated,
hydroxy acids, etc.
The principal saturated acids are lauric, myristic, palmitic, stearic,
arachic and dihydroxystearic.
The most prominent unsaturated acids are oleic, erucic, linolic, lino-
lenic, clupanodonic and ricinoleic. When these acids are compared with
the empirical formula for saturated acids, CnH2 n+iCOOH, they show a
deficiency of 2, 4, 6 or 8 atoms of hydrogen, which indicates their power
to absorb iodine chloride with the formation of additive compounds.
' The amount required varies with the consistency of the insoluble acids that are being deter-
mined.
•Foods and Food Adulterants, U. S. Dept. Agr., Bur. Chem., Bui. 13, p. 457.
3 See Fig. 4, page 136.
* Saturated acids do not readily absorb oxygen. Unsaturated acids of the linolic and linolenic
series absorb oxygen from the air at ordinary temperatures, and of the oleic series at higher tem-
peratures.
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Members of the chaulmoogric and tariric series constitute an exception to
the above statement. (See "Calculated Data from the Iodine Number.")
Unsaturated acids containing an open chain of 18 carbon atoms (oleic,
linolic, linolenic acids, etc.) are reduced by hydrogen in the presence of a
suitable catalyzer (nickel or colloidal palladium) to stearic acid.
Dihj^droxystearic and ricinoleic acids are hydroxj'' acids which on
acetylation assimilate an acetyl radical (CH3CO) in place of the hydrogen
in every alcoholic hydroxyl group.
Most fats and oils contain from 93 to 96 per cent, of insoluble acids,
with a mean of approximately 95. Some notable exceptions, having sa-
ponification numbers exceeding 210 and a high volatile acid content, have
already been mentioned. The fatty acids are practically all insoluble
where the saponification number of an oil or fat does not exceed 195.
Croton oil contains about 89 per cent, of insoluble acids and unsaponifi-
able matter; dolphin jaw oil, 66 per cent.; porpoise jaw oil, 70 per cent.;
brown fish oil, 85.5 per cent.; laurel oil, 83.5 to 87 per cent.; palm nut oil,
87.5 to 91 per cent.; coconut oil, 88.5 to 90 per cent.; Japan wax, 90.5 per
cent.; and butter fat, 86.5 to 90 per cent.
In liquid waxes the amount of insoluble fatty acids free from alcohols
and hydrocarbons varies from 60 to 65 per cent., and in solid waxes from
47 to 60 per cent.
The acid content of palmitin is 95.29, stearin 95.73, olein 95.70, hnolein
95.67 and linolenin 95.64 per cent.; therefore the percentage of insoluble
acids in most oils and fats free from appreciable amounts of the lower
fatty acids and of unsaponifiable matter must be in the vicinity of 95.
Preparation of Insoluble Acids.
The method for preparing insoluble fatty acids for analysis is the same
as described for the determination of "Insoluble Acids," with the elimina-
tion of such features as are necessary only for quantitative work. About
28.5 cubic centimeters (25 grams) of the melted fat or oil are pipetted
into a 750 cubic centimeter Erlenmeyer flask, together with 100 cubic
centimeters of glycerol potash, and saponified. The resulting soap is
dissolved in 500 cubic centimeters of hot water, decomposed with a shght
excess (few drops) of sulfuric acid (1 to 4), and heated on a water bath,
with .occasional agitation, until the separated fatty acids and underlying
liquid become clear. Several such charges vnll furnish sufficient material
for the analysis. The fatty acids may be washed as described under "In-
soluble Acids," or the contents of the flasks transferred to a separatory
funnel and washed by shaking out with hot water, ^ until free from soluble
acids. The latter modification has some advantages, particularly for
insoluble acids of low melting point. Thorough wasliing may not always
' The layer of fatty acids should be allowed to partially solidify at least, before the water is
drawn off, to insure conditions similar to those prevailing in the quantitative determination of
the insoluble acids.
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insure the entire removal of caprylic and capric acids when present, but
the treatment should not be unduly prolonged for fear of injury to the
unsaturated acids. The melted fatty acids are run into a test tube, heated
in a water bath at 60° C. to allow any water present to settle out, filtered
in a jacketed funnel, and preserved in a well-stoppered bottle in a cool
dark place. The above process should yield fatty acids practically free
from decomposition. It is inadvisable to employ the I'esidue from the
quantitative determination of the insoluble acids for further tests.
Neutralization Number.
The neutralization number indicates the number of miUigrams of po-
tassium hydroxide required for the complete neutraUzation of 1 gram of
insoluble fatty acids by the saponification process.
Reagents. — Alcohol: redistilled, free from acids and aldehydes.
Alcoholic potash solution: 50 cubic centimeters of a saturated solution
of potassium hydroxide, free from carbonate, to 1,000 cubic centimeters
of alcohol. The solution should be allowed to stand at least twenty-four
hours and filtered immediately before use.
N/2 hydrochloric acid.
Phenolphthalein solution: 1 gram to 100 cubic centimeters of alcohol,
neutralized.
Cotton blue 6B solution: 2 grams to 100 cubic centimeters of alcohol.
The indicator should be boiled in a flask under a reflux condenser for two
hours and then filtered.
Method. — Into a 300 cubic centimeter Erlenmeyer flask are brought 5
grams of insoluble fatty acids, together with 50 cubic centimeters of alco-
holic potash accurately measured with a burette, 50 cubic centimeters of
alcohol and several glass beads. The flask is then connected with a spiral
or other form of reflux condenser and the solution boiled on a water bath
with occasional rotation until the reaction is complete, — about sixty
minutes. The flask is then placed in a water bath at 60° C, and the solu-
tion, after cooling to that temperature, titrated with N/2 hydrochloric
acid, using 1 cubic centimeter of phenolphthalein or cotton blue as indi-
cator. For further details see "Saponification (Koettstorfer) Number."
The difference between the titration of the blank and that of the excess
alkali of the test is the acid equivalent of the insoluble acids taken, which
should be calculated to miUigrams of potassium hydroxide for 1 gram of
insoluble acids. In all cases where the unsaponifiable matter constitutes
an appreciable amount it should be deducted in calculating the neutrali-
zation number of the insoluble fatty acids, and so stated.
1 cubic centimeter of N/2 acid is equivalent to 28.054 milligrams of
potassium hydroxide.
Limit of error, 0.50 milligram.
S])noj)sis of Reaction. — See "Acid Number" with titration of excess
alkali, as in "Saponification Number."
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Mean Molecular Weight. — The molecular weight (m) of the insoluble
fatty acids can be calculated from the neutralization number (n) by means
of the formula—
or directly from the acid equivalent (v) and weight (w) of insoluble fatty
acids taken : —
2000 w
Supplemeiitary Notes. — Direct titration of the fattj^ acids in alcohol
with N/2 alkali in a manner similar to that ot "Acid Number" is often
recommended, although the process tends to yield low neutralization
numbers, ^ probably due to the presence of lactones (inner anhydrides of
hydroxy acids) or of anhydrides of simple fatty acids, which do not combine
with aqueous alkali in the cold, but readily hydrolyze on boiling with alco-
holic potash. The lactones and anhydrides may result from drying under
unfavorable conditions. Marked differences between the two methods are
shown in the references cited. In our hands, working with purified insol-
uble fatty acids, only slight differences were obtained except in the case of
oleic acid. The saturated acids were prepared with special precautions
and dried at a low temperature, which precluded the possibility of forming
anhydrides. Hydroxy acids, such as ricinoleic acid of castor oil, are par-
ticularly likely to dehydrate with the formation of inner anhj^drides.
Lactones occur naturally or are readily formed from the fatty acids of
Sewarri fat and of wool wax. In the latter case they result to some extent
from heating at 100° C. The fatty acids of castor oil poljTiierize on long
standing even at ordinary temperature to polyricinoleic acid. Gamma
hydroxystearic acid on losing a molecule of water forms stearolactone, and
may serve as an example (Lewkowitsch) : —
CH3 . (CH2)i3 . CH . (OH) . CH2 . CH2 . COOH =.
CH3 . (CH2)i3 . CH CH2 . CH". . CO +H2O
/)
1
The neutralization numbers of the mixed insoluble acids of most vege-
table and animal oils and fats range from 185 to 215, averaging about 200,
with the exception of the vegetable fats of the myristica, coconut oil and
dika fat groups wliich range from about 252 to 271.
The neutralization numbers of the mixed insoluble acids of some of the
more prominent oils and fats are linseed oil, 200; corn oil, 200; cottonseed
oil, 205; sesame oil, 200; rape oil, 185; peanut oil, 202; olive oil, 201;
castor oil, 192; cod liver oil, 205; palm oil, 207; cacao butter, 190; palm
nut oil, 261; coconut oil, 271; lard, 205; beef tallow, 208; and butter fat,
215 to 225. These figures are reasonably accurate in most instances.
1 Tortelli and Pergami, Chem. Rev. Fett u. Harz Indus., 9, pp. 182, 204 (1902); Lewkowitsch,
Analysis of Oils, Fats and Waxes, 1, pp. 518, 519 (1913).
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Neutralization Ntimber of Insoluble Fatty Acids.
Acid. Formula. MolecularWeight.
Neutraliza-
tion
Number.
Laurie, . .
Myristic,
Palmitic,
Stearic, .
Arachic,
Oleic,
.
Erucic,
.
Linolic,
Linolenic,
Clupanodonic,
Ricinoleic,
Dihydroxystearic,
C11H23COOH
C13H27COOH
C15H31COOH
CnHsoCOOH
CisHsoCOOH
C17H33COOH
C21H41COOH
CnHsiCOOH
C17H29COOH
C17H27COOH
C17H32.OH.COOH
Ci7H33(OH)2COOH
200.192
228.224
256.256
284.288
312.320
282.272
338.336
280.256
278.240
276.224
298.272
316.288
280.271
245.846
218.953
197.363
179.649
198.773
165.835
200.203
201.653
203.125
188.110
177.395
Glycerides of Insoluble Fatty Acids. — The percentage of triglycerides
(Ig) can be calculated from the percentage (I) and molecular weight (m)
of the insoluble fatty acids by the formula—
Ig = 3 m +38.016 ^ j
3 m
Glycerol in the Glycerides of Insoluble Acids. — The percentage of glycerol
(G) in the glycerides of insoluble acids can be calculated from the per-
centage (I) and molecular weight (m) of the insoluble acids : —
G = 92.0643m XI
See derivation of formula (14) and table "Percentage of Fatty Acids
and Glycerol in Triglycerides."
Mean Molecular Weight and Saponification Number of the Glycerides of
Insoluble Acids. — The mean molecular weight (mi) and saponification
number (si) of the glycerides of the insoluble acids can be calculated
from the molecular weight (m) of the insoluble acids : —
irn= 3 m+ 38.016
„ _ 3X56108
See table ''Saponification Number of Triglycerides."
120 MASS. EXPERIMENT STATION BULLETIN 166.
From the above formulas factors were deduced for the insoluble acids
enumerated below, by means of which the percentage of triglycerides and
of glycerol may be readily calculated from the percentage of fatty acids:—
Acid.
Factor for Per
Cent, of
Triglycerides.
Factor for
Per Cent, of
Glycerol.
Laurie,
Myristic,
Palmitic,
Stearic,
Arachic,
Oleic,
.
Erucic,
Linolic,
Linolenic,
.
Clupanodonic,
Ricinoleic,
.
Dihydroxystearic,
1.06330
1.05552
1.04945
1.04457
1.04057
1.04489
1.03745
1.04522
1.04554
1.04588
1.04248
1.04006
.15329
.13446
.11976
.10795
.09826
.10872
.09070
.10950
.11029
.11110
.10289
.09703
Lactones and Anhydrides.
The amount of lactones and anhydrides present in the separated insolu-
ble acids of oils and fats can be measured in terms of milligrams of potas-
sium hydroxide by the difference in the amount of alkali required to titer
(neutralize) the acids in cold alcohol and that absorbed on saponifying
with alcohohc potash. Lactones and anhydrides are unable to combine
with alkah until transformed into acids. They are not hydrolyzed to any
considerable extent in cold alcohol, but are readily hydrolyzed by boil-
ing alcoholic potash.
Reagents. — Same as for "Acid'' and "Saponification" numbers.
Method. — Five grams of insoluble fatty acids are brought into a 300
cubic centimeter Erlenmeyer flask, together with 100 cubic centimeters of
alcohol, and titrated in the cold with N/2 potassium hydroxide, using 1
cubic centimeter of phenolphthalein or cotton blue as indicator. An
additional 5 grams of insoluble acid are brought into a flask and treated
exactly as described for saponification number. The difference between
the two determinations, in terms of milligrams of potassium hydroxide to
the gram of insoluble acids, measures the aYnount of lactones and anhy-
drides present. The same weight of fat may serve for both determina-
tions if desired.
Limit of error, same as in the determinations of acid and saponification
numbers.
Synopsis of Reaction. — Solution in alcohol.
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Neutralization: —
RCOOH+ROCO + (RCO) =0+KOH =RCOOK +ROCO + (RCO) 2O +H2O
acid lactone anhydride
Saponification : —
RCOOH+ROCO + (RCO)20+4 KOH
=RCOOK+R . OH . COOK +2 RCOOK+2 H2O
When the lactone or anhydride in the insoluble acids, or the predomi-
nant one in a mixture, is known, the percentage (L) can be calculated from
the determined alkali equivalent^ (1),
—
i.e., saponification numberless
acid number of insoluble acids, and the theoretical saponification number
(k) of the lactone or anhydride, — by the formula—
H
Iodine Number.
The iodine number indicates the percentage of iodine chloride absorbed
under definite conditions by the insoluble fatty acids, expressed in terms
of iodine.
See method for oils and fats.
The iodine number of insoluble acids does not necessarily correspond
to that of the natural oil, fat or wax from which the acids were derived.
Tliis is said to be due to the influence of soluble fatty acids in the natural
product, although it is probable that in the process of separation some
decomposition of the unsaturated acids results.
Insoluble acids after titration with thiosulfate undergo a reversible
reaction and spUt off iodine much more rapidly than the oils and fats
from which they were derived.
Acetyl Number.
The acetyl number indicates the number of miUigrams of potassium
hydroxide required to combine with the acetyl absorbed by 1 gram of
insoluble fatt}^ acids on acetylation.
See method for oils and fats.
The acetylated product should be washed until the acidity of the fil-
trate (150 cubic centimeters) is less than 0.25 cubic centimeter N/10
solution.
Stearic Acid.
The stearic acid indicates the percentage of that acid in the insoluble
fatty acids of an oil or fat.
Reagents. — Alcoholic-stearic solution: 3 grams of crystalline stearic
acid of theoretical molecular weight to 1,000 cubic centimeters of purified
' Lactone number.
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alcohol ^ of about 95.25 per cent., heated sufficiently to give a clear solu-
tion.
Ethyl ether: free from residue.
Apparatus. — Eight-ounce sterilizer bottles - of narrow cylindrical
form (6f by 2 inches).
Small thistle tubes (|-inch bulb) with a felt of absorbent cotton, weigh-
ing .02 gram, supported by a glass bead and covered by a piece of cheese-
cloth.
Ice tank of l-inch material (approximately 20 inches long, 10 inches
wide and 20 inches deep), lined with galvanized iron, provided with a
tight cover, and supported by legs to a convenient working height.
For icing, a basket (13| by 6 by 18 inches) of galvanized screening of
/g-inch mesh.
Pockets of galvanized screening to support the bottles so that only a
small portion of the neck projects out of the ice water.
A pump or agitator run by motor to keep the. water in continuous
circulation.
Method. — Five-tenths of a gram of melted insoluble acids are brought
into an 8-ounce sterihzer bottle, and 150 cubic centimeters of an alcoholic-
stearic solution, accurately measured with a pipette at 30° C, added.
The bottle is sealed with a solid rubber stopper, shaken at a gradually
increasing temperature until a clear solution is obtained, immediately
placed in a pocket of the ice tank and allowed to stand overnight. The
following morning the solution is gently agitated by inverting the bottle
several times, and in the afternoon is siphoned off as thoroughly as possi-
ble by means of a small tliistle tube^ and a perforated rubber stopper,
using suction. The residue is dissolved in ethyl ether, transferred to a
tared 140 cubic centimeter wide-mouthed Erlenmeyer flask, the ether
carefully distilled off, dried at 100° C, and weighed. As saturation may
vary somewhat with the amount of stearic acid present, and as the quan-
tity of solution retained by the precipitate depends in a measure on the
amount of precipitate, blanks are run on a weight of stearic acid equivalent
to that expected in the test. By deducting the additional stearic acid
taken, from the weight recovered, the true blank for the alcoholic-stearic
solution is obtained.
The molecular weights of the precipitates should be determined occa-
sionally to check the operation. In the presence of palmitic acid it has
been found necessary to increase the amount of stearic acid in solution in
order to counteract the solvent action of the former acid.
Limit of error, from 0.50 to 0.75 per cent.
Synopsis of Reaction. —• Solution of insoluble fatty acids in alcoholic-
stearic solution.
Crystallization of stearic acid under control conditions.
Filtration.
Recovery and weight of precipitate.
' See "Reagents," under "Saponification Number."
- Manufactured by Whitall Tatum Company, Philadelphia, Pa.
3 The size of the tube and preparation of the felt have already been described.
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Iodine Number.
The iodine number indicates the percentage of iodine chloride absorbed
under definite conditions by an oil, fat or wax, expressed in terms of
iodine. *
Reagents. — Iodine solution according to Wijs. ^ Thirteen grams of re-
subUmated iodine to 1,000 cubic centimeters ot acetic acid- (99.5 per
cent.), free from oxidizable products. After the iodine is completely dis-
solved the solution is treated with pure dry chlorine gas ^ mitil the iodine
has been converted into monochloride. The completion of the reaction
is indicated by a distinct change, the solution becoming transparent cherry
red, and its titer "* with thiosulfate doubled. As it is ad\dsable to have a
sUght excess of iodine, a small quantity of untreated solution should be
retained and may be added in case of necessity.
N/10 sodium thiosulfate (hyposulfite) solution: 24.822 grams* of
sodium thiosulfate, dissolved in water and made up to a hter.
Potassium bichromate solution: 3.8633 grams of dry C. P. potassium
bichromate, free from sodium bichromate, dissolved in water and made up
to a volume of 1,000 cubic centimeters at 20° C. This solution will keep
almost indefuiitely without changing, and is used for standardizing the
thiosulfate solution. One hundred cubic centimeters of potassium bi-
chromate will Uberate 1 gram of iodine from a potassium iodide solution.
Potassium iodide solution: 165 grams of neutral potassium iodide, free
from iodine and iodate, to 1,000 cubic centimeters of water. lodate is
said to be present frequently in commercial potassium iodide, and yields
free iodine ^\^th hydrochloric acid.
Starch paste: 1 gram to 200 cubic centimeters of water. The indicator
is prepared by boiling thoroughly, decanting and diluting the solution,
and again boiUng to insure a perfect paste free from solid particles.
Carbon tetrachloride: anhydrous® and tree from oxidizable products.
'^
Standardizing the Thiosidfate. — Twenty-five cubic centimeters of po-
tassium bichromate are accurately'' measured with a burette into a 300
cubic centimeter Erlenmeyer flask, and 10 cubic centimeters of potassium
iodide and 5 cubic centimeters of concentrated hydrochloric acid added.
Simultaneously with the addition of the acid, tliiosulfate is run in until
the brownish yellow color (iodine) has been largely destroyed; then 2 cubic
centimeters of starch paste are added and the titration continued with
' Ber. Deut. Chem. Gesell. 31, p. 750 (1898). Wijs' solution, with the same active reagent,
iodine monochloride, has largely replaced that of Hubl on account of its far greater stability and
more rapid absorption.
• The acid should be crystallized at 15° C. and the mother liquor discarded. The acid should
not react with the bichromate test.
» Washed and dried by being passed through concentrated sulfuric acid. Gas sufficient for
4,000 cubic centimeters of iodine solution can be generated from 44.5 grams of sodium chloride,
55.5 grams of manganese dioxide, and 1.50 cubic centimeters of sulfuric acid (1 to 1).
• With the addition of potassium iodide as usual.
' Preferably 30 grams to 1,000 cubic centimeters of water.
• Dried over recently ignited sodium sulfate and distilled.
' Bichromate test.
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repeated thorough shaking until the blue color has entirely disappeared,
leaving a bright green solution. As four times the titration is equivalent
to 1 gram of iodine, the iodine value of 1 cubic centimeter of thiosulfate
can be readily calculated.
In theory, 1 cubic centimeter N/10 Na2S2035 H2O is equivalent to
.012692 gram of iodine.
The following is the reaction: —
K2Cr207+ 14 HCl+6 KI=2 CrCh+S KC1+6I+7 H2O
61 : K2Cr207 :: 1 : x
761.52 : 294.20 :: 1 : 0.38633 gram in 100 c.c.
Wijs-Hubl Method.^— The amount of material to be taken for this deter-
mination varies inversely with its iodine number (see table). From 0.30 to
0.45 gram of drying or fish oil, 0.45 to 0.70 gram of a semidrying oil, 0.55 to
0.90 gram of a nondrying oil, or 0.60 to 2 grams of fat are brought into a
300 cubic centimeter Erlenmeyer flask, together with 20 cubic centimeters
of carbon tetrachloride. After complete solution, 50 cubic centimeters of
iodine solution, accurately measured with a burette, are added and the
flask well stoppered and allowed to stand three to four hours, ^ with occa-
sional shaking, in a refrigerator at a temperature below 10° C. A rapid
bleaching of the solution indicates insufficient iodine. An excess equal to
the amount absorbed is deemed necessary for the attainment of constant
results. The cork stopper for the flask should be rolled until soft and
pliable, and moistened with potassium iodide to prevent loss of iodine by
volatiUzation. At the end of the absorption period, 50 cubic centimeters
of cold, recently boiled distilled water and 10 cubic centimeters of potas-
sium iodide are added to the contents of the flask, and the excess iodine
titrated with sodium thiosulfate. The thiosulfate is run in gradually, with
constant shaking, until the brownish yellow color of the solution has been
largely destroyed; then 2 cubic centimeters of starch paste are added and
the titration continued until the blue color has entirely disappeared.
Towards the end of the reaction the flask should be stoppered and shaken
vigorously, so that any iodine in the carbon tetrachloride will be taken up
by the potassium iodide. The "bleached" condition should hold for a
considerable time with the flask stoppered, although the blue color Avill
develop again, due to the spUtting off of iodine. Several blank determi-
nations should be run with every series of tests. The difference between
the titration of the blank and that of the excess iodine is the thiosulfate
equivalent of the fat, which multipUed by the factor (obtained as de-
scribed) and divided by the weight of fat taken gives the percentage of
iodine absorbed.
Limit of error, 0.25 per cent.
Synopsis of Reaction. — Solution with carbon tetrachloride.
' Original Hubl method. Dingler's Polytech. Jour., 253, p. 281.
» According to Lewkowitsch one-half hour is sufficient for all oils and fats having an iodine
number below 100, one hour for semidrying oils and two to six hours for drying oils.— Analysis
of Oils, Fats and Wa-xes, 1, p. 407, (1913).
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Formation of chloro-iodo additive compounds mth unsaturated acids
and their glycerides.
Solution of excess iodine with potassium iodide and titration with thio-
sulfate, using starch paste as indicator.
21+2 NaaSsOa =Na2S..Oc+2 Nal
Amount of Material for Different Iodine Numbers.
[50 cubic centimeters of Wijs solution.)
200,
195,
190,
185,
180.
175,
170,
165,
160,
155,
150,
145,
140,
135.
130,
125,
120,
115,
110.
105,
Iodine Number. Grams of
Material.
.32
.33
.34
.34
.35
.36
.38
.39
.40
.41
.43
.44
.40
.47
.49
.51
.53
.55
.58
.61
Iodine Numbek.
100,
95.
90,
85,
80,
75,
70,
65,
60,
55,
50.
45,
40,
35,
30,
25,
20,
15.
10.
5,
Grams of
Material.
.64
.67
.71
.75
.79
.85
.91
.98
1.06
1.16
1.28
1.42
1.59
1.82
2.13'
2.55'
3.19'
4.25«
6.38«
12.75'
> Take 2 grams.
2 Take 2 grams and use 25 cubic centimeters of Wijs solution.
Supplementary Notes. — Unsaturated acids and their glycerides assimi-
late halogens with the formation of saturated compounds, and this prop-
erty serves as a basis for their quantitative determination. Theoretically,
chlorine, bromine, iodine, iodobromide or iodochloride may be employed
for the purpose. The use of chlorine, however, is impractical, and bromine
tends to form both substitution and addition products. lodobronaide
(Hanus solution) has no advantage over iodochloride (Wijs solution)
except ease of preparation; therefore the latter process, emplo3ang the
same active agent (iodine monochloride), and agi-eeing closely with the
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original Hubl method under control conditions, ' should be given prefer-
ence, notwithstanding American practice to the contrary. Furthermore,
Wijs has shown '^ that his solution yields practically theoretical results
with a number of pure fatty acids. The solution is far more stable than
that of Hubl and more rapid in its action.
The structure of unsaturated acids, particularly the position of the
double bond in relation to the carboxyl group, influences the iodine absorp-
tion. ' If the double bond is located at a considerable distance from the
carboxyl the results are generally normal, but when relatively close to-
gether the iodine number is likely to be below theory, although lengt.hen-
ing the absorption period increases the results.
Wijs solution is said to yield high and variable results with cholesterol,
and low results with rosin and rosin oils, increasing with the excess of
iodine and the length of the absorption periods.
Olein is the principal unsaturated glyceride in noiidrying oils and fats,
linohn constitutes a considerable proportion of drying and semidrying
oils and to some extent of nondrying oils and solid fats, and linolenin
occurs in large amounts in all vegetable drying oils. Clupanodonin ap-
pears to be the characteristic constituent of fish, liver and blubber oils.
Linolic and Unolenic acids and their glycerides absorb oxygen from the
air at ordinary temperature and dry to a hard elastic layer, and to this
property drying oils owe their value. On diying, such oils * absorb oxygen
with oxidation of unsaturated acids, resulting in the formation of ox>'-
acids and corresponding loss of iodine number; polymerize Math an increase
in specific gravity and viscosity and additional loss in iodine number;
partially dehydrate mth formation of stearolactone; and hberate carbonic
acid. These changes result in considerable molecular rearrangement.
Oils that have been blown or boiled absorb less iodine. It is stated that
for practical purposes drying oils should have an iodine number of at
least 140, preferably 170 or higher, and nondiying oils of 90 or under.
For purposes of classification Holde hmits senudrying oils to a range of
95 to 130. Certain fish oils have a liigh iodine number and will absorb
oxygen, but they do not dry to a hard layer. The fat of marine animals
has a higher iodine number than that of terrestrial animals.
Calculated Data frotti the Iodine Number.
Theoretically, the imsaturated fatty acids belonging to the oleic, chaul-
moogric and ricinoleic series absorb 2 atoms of the halogen; Hnohc and
tariric series, 4 atoms; Unolenic series, 6 atoms; clupanodonic series, 8
atoms, etc. The members of the chaulmoogric series are cyclic compounds,
and contain only 1 pair of double-linked carbon atoms, while open chain
acids of the same empirical formula would in most instances contain 2
pairs. Tariric acid contains triple-bond carbon atoms, and although it
' Lewkowitsch, Analyst, 24, p. 259 (1S99).
»Chem. Rev. Fett u. Harz Indus., 1899, p. 1.
• Lewkowitsch, Analysis of Oils, Fats and Waxes, 1, p. 400 (1913).
* Holde-Mueller, Examination of Hydrocarbon Oils, pp. 207-298 (1915).
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forms a tetrabromide, it generally absorbs only 1 or possibly 2 halogen
atoms. The double-linked carbon atoms may be considered the ethjdene
type, and the triple-bonded an acetylene linkage. The glycerides act
similarly to the free acids and absorb three times as many atoms (tri-
glycerides).
In those cases where only one such acid or glyceride is present its per-
centage can be readily calculated from the iodine number by dividing by
the theoretical absorption or by means of a factor.
Oleic acid =
2 I
Olein =
C17H33COOH
61
^^S^?^' = 0.89927282.272
761.52
(Ci7H33COO)3C3H6i 884.832
= 0.86064
In a similar manner the following figures for theoretical absorption
were deduced for the acids and glycerides enumerated below:—
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. Acetyl Numbeb.
The acetyl number indicates the number of miUigrams of potassium
hydroxide required to combine with the acetyl ^ absorbed by 1 gram of an
oil, fat or wax on acetylation. ^
Reagents. — Acetic anhydride : Kahlbaum's.
Ceresine : pure white, filtered.
Alcohol : redistilled, free from acids and aldehydes.
Alcoholic potash: 50 cubic centimeters of a saturated solution of potas-
sium hydroxide, free from carbonate, to 1,000 cubic centimeters of alcohol.
The solution should be allowed to stand at least twenty-four hours and
filtered immediately before use.
N/2 hydrochloric acid.
Phenolphthalein solution: 1 gram to 100 cubic centimeters of alcohol,
neutraUzed.
Cotton blue 6B solution: 2 grams to 100 cubic centimeters of alcohol.
The indicator should be boiled in a flask vmder a reflux condenser for two
hours and then filtered.
Method. — Into a 300 cubic centimeter Erlenmeyer flask are brought 5
grams of fat, together with 10 cubic centimeters of acetic anhydride. The
flask is connected with a spiral or other form of reflux condenser and heated
in a boiling water bath (immersed in the water) for from one to one and
one-half hours. Longer heating yields higher results, but is accompanied
by partial decomposition of the fat with formation of aldehydes or other
bodies that give a reddish color with caustic alkali. After acetylating, the
spiral is removed from the flask and sufficient ceresine added to form a
solid disk with the fat when chilled in cold water. The amount of ceresine
required will vary with the consistency of the product under examination.
For butter fat 0.5 gram is ample; for softer fats and oils, rather more;
and for harder fats, less. With the flask still in the water bath, 150 cubic
centimeters of boiling water are added with as little disturbance of the
fat layer as possible. The flask is then removed and the contents rotated
vigorously to dissolve occluded acetic acid. The flask is immersed in
cold water to sohdify the ceresine fat, after which the solution is decanted
through a dense, 12.5 centimeter filter, care being taken not to break the
insoluble cake. Another 150 cubic centimeters of boiling water is added,
thoroughly agitated, heated a few minutes on the bath, cooled and de-
canted, the process being repeated until the final filtrate gives a decided
color with two or three drops of N/10 alkaU, using phenolphthalein as
indicator (about six times). Prolonged washing is Hkely to cause some
hydrolysis of the acetylated product.
The filter and inverted flask containing the cake of ceresine fat are
allowed to drain in a cool place until practically dry. The small particles
adhering to the filter are then scraped into the flask, the inner portion of
' On saponification the acetyl hydrolyzes to acetic acid and combines with the alkali.
2 Benedikt and Ulzer, and Lewkowitsch report on the basis of the acetylated product.
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the filter paper extracted in a small beaker with three successive 20 cubic
centimeter portions of boiling alcohol, and poured into the flask; then
50 cubic centimeters of alcohoUc potash, accurately measured with a
burette, and several glass beads are added. The flask is connected with
a spiral or other form of reflux condenser, and the solution boiled on a water
bath until saponification is complete, — about sixty minutes. The flask
is placed in a water bath at 60° C, and the solution, after coohng to that
temperature, titrated with N/2 hydrochloric acid, using 1 cubic centi-
meter of phenolphthalein or cotton blue as indicator. Cotton blue offers
certain advantages in the case of solutions that develop a reddish color
with caustic alkali. The alcoholic mixture is again brought to boil to
free any alkaU occluded in the ceresine, and retitered if necessary. Sev-
eral blank determinations should be run with every series of tests, under
precisely similar conditions as to time and treatment except that the
ceresine may be omitted. However, every lot of ceresine must be tested.
It should be free from soluble matter and not assimilate any alkali on
saponification. The difference between the titration of the blank and that
of the excess alkali in the test is the acid equivalent of the fat after acetyl-
ation, which should be calculated to milligrams of potassium hydroxide
for 1 gram of fat.
One cubic centimeter of N/2 acid is equivalent to 28.054 milligrams of
potassium hydroxide.
The difference between the saponification number of the fat before and
after acetylation is the acetyl number. In case the original fat contains
free soluble acids their titer should be determined and proper correction
made for the same.
Limit of error, 0.50 milligram.
Synopsis of Reaction. — Acetylation of glycerides of monohydroxy and
dihydroxy acids, monoglycerides and diglycerides and free alcohols. (See
formulas.)
Saponification of the acetylated product. (See formulas.)
Saponification of the original or unacetylated product.
Titration of excess alkah.
Acetyl number by difference.
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Glycerides of Monohydkoxy and Dihydroxy Acids.
Acetylation.
(R . OH . COO)3C3Hs+3 (CHsCOoO = (R . OCH3CO . COOeCsHs+S CH3COOH
triglyceride of acetic acetylated glyceride acetic acid
monohydroxy acid anhydride
Example: Ricinolcin (C17H32 . OH . COO)3CbHs,
Saponification.
(R . OCHsCO . COO) 3C3H5 +6 KOH
acetylated glyceride alkali
= 3 R . OH . COOK +3 CH3COOK +C3H6(0H)
,
potassium salt potassium glycerol
of hydroxy acid acetate
[R(OH)2COO]3C3Ha+ (CH3CO)20 = [R(OCH3CO)2COO]3C3H5+H20
triglyceride of acetylated glyceride
dihydroxy acid
Example: Dihydroxystearin [Ci7H33(OH)2COO]3C3H6
[R(OCH3CO)2COO]3C3H5+9 KOH =3 R(OH)2COOK+6 CH3COOK+C3H6(OH)>
MONOGLYCERIDES AND DiGLYCERIDES.
(RCOO)C3H6(OH)2+ (CH3CO)20 =(RCOO) (CH3COO)2C3Hs+H20
monoglyceride diaceto-glyceride
(RCOO) (CH3COO)2C3H5+3 K0H=RC00K+2 CH3C00K+C3H6(0H)3
(RCOO)2C3H5(OH) +(CH3C0)=0 =(RCOO)!(CH3COO)C3H5+CH,COOH
diglyceride monaceto-glyceride
(RCOO)2(CH3COO)C3H6+3 KOH =2 RCOOK+CHsCOOK+CsHsCOH),
Free Alcohols.
ROH + (CH3CO)20 =CH3COOR+CH3COOH
monobasic acetate
alcohol of alcohol
CH3COOR+KOH =R0H+CH3C00K
Examples: Sitosterol, cholesterol, C27H450H
Considerable variation is possible in writing the above formulas which,
at best, poorly express the structure. In some instances the reaction is
indicated at some sacrifice of form.
Calculated Data from the Acetyl Number.
The acetyl number (c) serves to measure the amount of hydroxy com-
poimds in an oil, fat or wax, and in case only one such compound of known
molecular weight (m) and number of hydroxyls (d) is present, its amount
(H) can be readily calculated by the following formula: —
H= ^™
56108
d
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The derivation of the formula is comparatively simple. The theoretical
acetyl number of a compound containing d hydroxj'l groups is : —
56108 d
The amount of such'a compound in an oil, fat or wax is therefore—
56108 d 56108 d
The same results may be calculated more easily from the following table
dividing the determined acetyl number by the theoretical acetyl number, or
multiplying by its reciprocal : —
Acetyl Number on Original Product.
Glycerides.
Name.
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Gravimetric Process. ^— After acetylating, a gravimetric process for
acetyl number may be conducted in a manner similar to that for the quan-
titative determination of insoluble fatty acids, observing all the precau-
tions therein noted as to ceresine, washing, drying, weighing, etc.
This modification is apparently rather more difficult, tedious and sub-
ject to error than the saponification or volumetric process. An inaccuracy,
due to a deficiency in weight arising from the dehydration of free fatty
acids by acetic anhydride during acetylation, is probably unavoidable,
although of little consequence where the amount of free acids is relatively
small.
The acetyl number (a) is calculated from the increase in weight (i) by
the following formula : —
^""^016 "'* 1335.39604 i
In case only one hydroxy compoimd of known molecular weight (m)
and number of hydroxyls (d) is present, its amount can be calculated
from the increase in weight (i) of the oil, fat or wax on acetylating. The
theoretical increase for a hydroxy compound is—
42.016 d
The amount (H) of such a compound in an oil, fat or wax is, therefore
~ 42.016 d °^ 42.016 d
Molecular Weight of Hijdroxy Compounds. — The molecular weight of
the hydroxy compounds can be calculated from the weight (w) of fat
taken and the increase (i) on acetylating, provided the number (d) of
hydroxyls in the molecule is known:—
w : w+i :: m : m-|-42.016 d
„ 42.016 dw
The formation of anhydrides during the acetylating process will affect
the accuracy of these calculations.
The computation of the amount of hydroxy compounds by the gravi-
metric process is greatly facilitated by use of the following table:—
' Has. not received sufficient study in this laboratory to warrant positive statements, but is
similar to the methods described by Lewkowitsch (loc. cit.) 1, pp. 451-453, 578-580 (1913).
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Acetyl Gravimetric Process on Original Product.
Glycerides.
Name.
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repeatedly to be comparatively unstable. By the assimilation of oxygen
and water it may be converted into dihydroxystearic acid, a saturated
compound.
C17H33COOH +H2O +0 =Ci7H33(OH).COOH
Whether the oxidation takes place in the glycerides or in the fatty acids
after hydrolysis is uncertain, although the latter appears the more probable
supposition.
Monoglycerides and diglycerides result from the hydrolysis of triglyc-
erides, and free fattj^ acids condition their presence; the absence of free
fatty acids in a commercial product, however, does not necessarily pre-
clude the presence of monoglycerides and diglycerides.
SoUd alcohols of the cyclic series (sterols) occur in oils and fats both in
combination as esters and as free alcohols. ^ The amount of sitosterol or
cholesterol is generally small, often inappreciable, and is indicated ap-
proximatelj'' by the unsaponifiable matter which it characterizes. Alco-
hols of the ethane and other series, free and in combination, compose a
considerable proportion oi waxes.
Oils and fats, therefore, may contain glycerides of monohydroxy and
dihydroxy acids, possibly free hydroxy acids, monoglycerides and diglyc-
erides and free alcohols; and the insoluble acids, separated from the oils
and fats, may contain monohydroxy and dihydroxy acids and free alco-
hols. A portion, at least, of the free alcohols found in the insoluble acids
probably occurred in the fat as esters. With the exclusion of the natural
glycerides of hydroxy acids and a small amount of free alcohols the acetyl
number of many oils and fats may be deemed an index of quahty, and when
considered in conjunction with the acid and iodine numbers may serve to
measure (more or less imperfectly, to be sure) the amount of hydrolysis
and of oxidation the product has undergone. To differentiate between
products of hydrolysis and of oxidation the percentage of insoluble acids
and their acetyl number should also be determined.
Of the oils, fats and waxes with an appreciable content of hydroxy com-
pounds" might be mentioned candle nut oil, safflower oil, rape oil, peanut
oil, olive oil, elderberry oil, Japanese sardine oil, skate liver oil, shark
liver oil, seal oil, horses' foot oil, palm oil, bone fat and beeswax, having
acetyl numbers between 10 and 20; neat's-foot oil, Japan wax, carnauba
wax and wool wax, having acetyl numbers ranging from 25 to nearly 60;
and castor oil, having an acetyl number of about 170.
Unsaponifiable IVIatter.
The unsaponifiable matter indicates the percentage of all those compo-
nents of an oil, fat or wax which on boiling with potassium hydroxide do
not form water-soluble compounds.
' See numerous references: Abderhalden, Physiol. Chem. (1908); Hammarsten, Physiol. Chem.
(1911); Leathes, The Fats (1910).
2 Lewkowitsch, Analysis of Oils, Fats and Waxes, 1., pp. 434-435 (1913).
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Reagents. — Alcohol: redistilled, free from acids and aldehydes.
Alcoholic potash solution: 50 cubic centimeters of a saturated solution
of potassium hydroxide, free from carbonate, to 1,000 cubic centimeters
of alcohol. The alkaU should be added to the alcohol slowly, with agita-
tion, in order to prevent any appreciable rise in temperature.
Methyl alcohol: redistilled, free from acids and aldehj^des. The alcohol
is prepared from Columbian spirits by distillation over caustic hme.
Potassium carbonate: anhydrous, free from caustic alkali.
Ethyl ether: ^ anliydrous, free from alcohol and residue. The ether
should be allowed to stand over metallic sodium until evolution of gas
ceases, and then redistilled.
Method. 2— Five grams of fat are brought into a 300 cubic centimeter
Erlenmeyer flask, together with 75 cubic centimeters of alcoholic potash
and 25 cubic centimeters of alcohol. The flask is connected with a spiral
or other form of reflux condenser and the solution boiled on a water bath
"with occasional rotating of the contents until saponification is complete,
— about sixty minutes. The solution is transferred to a 250 cubic centi-
meter Grifiin beaker and the flask rinsed several times with hot alcohol.
The alcohol is evaporated in a water bath (with the beaker immersed in
the water) at a gradually increasing temperature. Several 25 cubic centi-
meter portions of methyl alcohol are added and evaporated to insure
complete dryness. Careful heating is necessary to avoid spattering.
The dry residue is pulverized in a mortar with 25 grams of anhydrous
potassium carbonate, dried two hours at 100° C, transferred to an S. & S.
extraction thimble, 33 by 80 miUimeters, extracted two to three hours
with anhydrous ether in a continuous extracter (see Fig. 4), and the ether
expelled as usual. Notwithstanding the precautions mentioned, mois-
ture may be absorbed during the process and vitiate the ether extract
with a small amount of water-soluble compounds. To eliminate this error
the air-dry extract is washed with several 25 cubic centimeter portions of
water at room temperature, and decanted on an ether-extracted filter
which is air dried, and extracted with ether, using the same flask as before.
The purified extract is dried from 1 to 1.5 hours in an oven at 100° C. and
considered unsaponifiable matter.
In most oils and fats there is a comparatively small amount of imsa-
ponifiable matter, but greater accuracy is not insured by taking a larger
amount of material (say 10 grams), for the reason that the greater the
bulk of soap the more difficult the manipulation.
Seventy-five cubic centimeters of alcohohc potash instead of 50 cubic
centimeters, the usual quantitj^, are employed to prevent any reversible
reaction to which there appears to be a tendency on evaporating. One
hundred cubic centimeters, however, destroy a portion of the sterols.
Anhydrous potassium carbonate proved a more efficient dehydrating
agent than the corresponding sodium salt.
> Commercial ether of the U. S. P. grade is unfit for the purpose, and the "distilled over sodium"
grade is often unreliable, due to its hygroscopic properties.
2 Not applicable for volatile hydrocarbons or ethereal oils.
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Limit of error, 0.05 per cent.
Synopsis of Reaction. — Saponification of the fat with alcoholic potash.
Evaporation of the alcohol and dehydration of the soap.
Extraction of the unsaponifiable matter with ethyl ether.
Purification of the extract.
Supplementary Notes. — In terms of the definition, the components of
unsaponifiable matter do not form water-soluble compounds on boihng
with potassium hydroxide. They are largely soluble, however, in the soap
Fig. 4. • Ether extraction apparatus employed in the determination of unsaponifiable
> matter.
solution, which is a factor to be noted in their separation by ethyl ether
from water or dilute alcoholic solutions. Furthermore, water hydrolyzes
neutral soaps, and alcoholic solutions containing less than 50 per cent,
alcohol are unreliable for the same reason, as described under "Acid
Number." Soaps are soluble in moist ether. The extraction of un-
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saponifiable matter in the dry state, therefore, promises more trustworthy
results, although it is a more lengthy process and not entirely free from
criticism.
The unsaponifiable matter of oils and fats consists principally of the
solid alcohols of the cyclic or aromatic series, the so-called sterols (sitos-
terol, stigmasterol, brassicasterol and cholesterol). In some products
occur alcohols of the ethane series (ceryl and mehssyl) and hydrocarbons,
also small amounts of coloring matter, resinous substances, ethereal oils,
nitrogenous bodies (lecithin, mucilaginous matter), etc.
Sitosterol is the characteristic concomitant of vegetable oils and fats,
and cholesterol of animal. The former alcohol is sometimes accompanied
by stigmasterol or brassicasterol. Stigmasterol has been found in soy
bean oil, calabar bean oil and rape oil.
Ceryl and mehssyl alcohols are the only members of the ethane series
that appear to have been identified.
Hydrocarbons have been reported in buckthorn oil, kosam seed oil,
parsley seed oil, cantharides oil, chrysaUs oil, laurel oil and cacao butter.
The unsaponifiable matter of laurel oil has a high iodine number. The
chromogenic bodies give the color reactions in identification tests of cot-
tonseed, sesame, Uver oils, etc. Ethereal oils occur in nutmeg butter.
Remnants of vegetable or animal tissue are purely adventitious sub-
stances, and should always be excluded.
Among extraneous substances that may appear in the unsaponifiable
matter are mineral oils (petrolatum and shale oils), tar oils (neutral coal
oils), paraffin, ceresine, rosin oils, etc. They occur in the oils and fats as
adulterants.
The amount of unsaponifiable matter in oils and fats varies from a
trace to several per cent. Corn, cottonseed and sesame oils show over 1
per cent, in some instances, while rape, peanut and ohve oils appear to
average less. Fish, fiver and blubber oils, such as herring, cramp fish,
cod liver, shark liver, whale and porpoise oils, sometimes contain 10 or
even 20 per cent. Old rancid fats yield larger amounts than fresh fats.
The unsaponifiable matter of waxes includes alcohols of the ethane
series (cetyl, ceryl, melissyl, etc.), of the cyclic series (sitosterol, choles-
terol and isocholesterol) and of several other series seemingly less promi-
nent, and of hydrocarbons. The alcohols in the natural product evidently
occur both free and in combination with fatty acids as esters. They are
mostly monatomic, the more common belonging to the ethane series.
Sitosterol is found in vegetable fiax wax, and cholesterol and isocholes-
terol in wool wax and probably in beeswax.
Hydrocarbons constitute an appreciable amount in waxes, particularly
in the case of the soUd waxes.
Adulterants similar to those of oils and fats may be expected.
The unsaponifiable matter in liquid waxes varies from 31 to 43 per
cent., and in soHd waxes from 43 to 55 per cent.
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Sterols.
The sterols indicate the percentage of cycUc alcohols in an oil, fat or
wax.
Reagents. — Ninety-five per cent, alcohol:^ redistilled, free from acids
and aldehydes.
Digitonin solution: 1 gram to 100 cubic centimeters of 90 per cent.
^
alcohol.
Ethyl ether.
Windaus Method. ^— The unsaponifiable matter is dissolved in boiling
95 per cent, alcohol in the proportion of 1 to 50, and the sterols precipi-
tated with an excess of hot digitonin solution. After standing overnight
at room temperature, the precipitate is brought into a tared Gooch
crucible -mth 95 per cent, alcohol, washed with alcohol and then with
ether, dried in an oven at 100° C, and weighed as digitonin-sterol.
Digitonin unites with the sterols, molecule for molecule, to form an
addition product without loss.
From the weight obtained the percentage of sterols can be calculated
by the factor 0.2431.
Limit of error, 0.05 per cent.
Synopsis of Reaction. — Solution of the unsaponifiable matter in hot
alcohol.
Precipitation of the sterols with digitonin.
C27H46OH
-I-C65H94O28 =C8:Hl4o029
Filtration and weight of digitonin-sterol.
• See "Reagents" under "Saponification Number."
isZtschr. Phys. Chem., 65, pp. 110-117 (1910).
DEPARTMENT OF MICROBIOLOGY.
Part I
.
THE RELATION OF HYDROGEN ION CON-
CENTRATION OF MEDIA TO THE
PROTEOLYTIC ACTIVITY OF
BACILLUS SUBTILIS.
BY ARAO ITANO.
INTRODUCTION.
Since the physico-chemical methods were introduced into the field of
biology, the influence of ions, such as Na, Ca, CI, H, upon the vital proc-
esses has been increasingly recognized by biologists. This influence is
manifested in many phases of biology. In this investigation the relation
of the hydrogen and hydroxyl ion concentration, or "true acidity" and
"true alkalinity"^ of media, to the proteolytic activity of B. subtilishas
been studied.
The importance of the effect of hydrogen ion concentration of media
upon the bacterial growth has been well known to bacteriologists, but it
has been impossible to determine the so-called "true reaction." With
the introduction of physico-chemical methods, progress toward the
measurement of absolute reaction has been made.
So far as the author knows, Briinn, ^ in 1913, was the first to undertake
the investigation of the disinfecting property of acids upon B. coli and
B. typhosus. He found that the hydrogen ion concentrations 2X10"^
and IX 10"^ at 37° C. for twenty-four hours have a corresponding germi-
cidal effect. Since then, several other investigators have performed
similar experiments with the hydrogen ion concentration, emplojang
several species of bacteria for their test. The author fails, however, to
find that any investigation in the light of hydrogen ion concentration has
been conducted on the subject of proteolysis instigated by bacteria.
Briinn's experiment illustrates the influence of hydrogen ion concentration
upon bacterial life. In other biologic fields, however, considerable work
has been done to point out the importance of such an experiment on the
' " True acidity " and "true alkalinity" are the common terms adopted by S. P. L. Sorensen to
express the H and OH ion concentration.
' Uber das Desinfektionsvermogen der Sauren. Diss., Berlin, 1913.
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several physiologic processes. Sorensen ^ studied extensively the influence
of different h^^drogen ion concentrations upon enzymes, and' concluded
that enzymatic action can be controlled by adjusting the reaction of
media. In the medical world the phenomena of "acid intoxication • ' in
different forms have suggested the importance of the study of "true acid-
ity" of blood and urine. Michaelis^ pointed out the clinical importance
of the "true reaction" of the blood. Henderson and Palmer^ have demon-
strated the clinical value of "true reaction" in its relation to the urine.
Their results are not specific unless they are to indicate the normal and
abnormal condition of the body.
In agriculture, several perplexing problems have presented themselves
in which the hydrogen ion concentration is involved. Such subjects as
the acidity of soil, of plants, of milk and of many other substances in
both the organic and inorganic world are now the problems of agricultural
investigations. Since this acidity is caused only by the dissociated hydro-
gen ions, regardless of the exact nature of the chemical compound, a
better understanding of the "true reaction" is evidently desirable.
The importance of proteolysis in decomposition of proteins is so well
understood that further consideration is unnecessary, except a mention
of its association with dairy, food and soil studies. So much weight is
attached to it that it has become fairly basic to all scientific advancement.
In order to make the study yield easily to confirmation, B. subiilis has
been selected because of its well-known characteristics for identity. This
organism makes a good starting point from v/hich the proteolysis of other
organisms may be investigated and paralleled.
While we recognize that hydrogen ion concentration is only one factor
in proteolysis, the significance attached to it must lend considerablQ force
to its solution. The progress has been extremely slow awaiting the devel-
opment of the chemistry of proteins. The author is familiar only with
Sorensen's formol titration method * as the one serving to secure the addi-
tional knowledge of proteolysis. So far as it has been applicable it seems
very satisfactory.
Classification in microbiology seems at present to be based upon the
morphology and biometric characters. There is a subcurrent of feelmg
that physiologic properties are so variable that they are not reliable.
This may not hold true, however, if it becomes possible to use more exact
physiologic methods, for through them may be found those delicate differ-
ences which are more or less constant and recognized in the metabolism
of higher organisms. Then, too, if morphology is a mere expression of
physiology and the molecular mechanism of organisms, there is greater
reason for looking more deeply into the relation of hydrogen ion concen-
tration as manifested in different species and varieties.
' Ergebnisse d. Physiologie, 12, 449 (1912).
- Die Wasserstoffionenkonzentration, 85, 1914.
» Jour, of Biol. Chem., V. 13, No. 4, Jan., 1913.
* E. Abderhalden. Handb. d. Biochem. Arbeitmethoden, Bd. 6, S. 262, 1912; Comptes rendus
du Laboratoire de Carlsberg, 7, 1, 1907; Biochem. Zeitschr., 7, 43, 1907.
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REVIEW OF PREVIOUS INVESTIGATIONS.
The influence of acidity and alkalinity upon biologic processes has been
investigated by many who are engaged in the study of general physiology,
as has been intimated in the introduction. In physiologic investigation
of bacterial life, Kisch's method ^ was generally employed previous to the
introduction of the physico-chemical method. Sieber- investigated the
antiseptic value (minimum dose) of different acids upon various bacteria.
Schluter^ found that M. prodigiosus grows very well in lactic acid 0.1 per
cent., but not higher. Carbett^ showed that Bactermm diphtherioe is able
to grow in higher acidity than M. prodigiosus. Proskauer and Beck*
pointed out that Bacterium tuberculosis lives in higher aciditj'' than the
other organisms mentioned above.
Similar experiments were carried out to determine the influence of
alkalinity. Kitasato^ demonstrated that B. typhosus is killed by 0.1 to
0.14 per cent. KOH and Vibrio cholera by 0.18 per cent. KOH solution.
Liborius^ experimented with potassium carbonate and discovered that
most bacteria withstood 0.5 per cent., B. typhosus 0.8 per cent, and Vibrio
cholerce asiaticce 1.0 per cent. K2CO3 solution.
.
Deeleman^ ascertained
that the optimum alkalinity for most bacteria is approximately between
0.34 and 1.7 per cent, normal NaOH.
Again literature cites many instances to show the influence of acidity
and alkalinity upon the bacterial proteolytic enzyme. Wood,' studying
proteolytic enz^mies from different bacteria, found that these enzjAmes
varied greatly in their power of resisting acid media, and noticed also that
the bacteria themselves showed a varying susceptibility to acid, corre-
sponding exactly to their enzymes. Fermi ^0 recognized that the enzymes
of several bacteria, M. prodigiosus, B. pyocyaneus, Bad. anthracis and
others, work most advantageously in faintlj'' alkaline solution, although
the}'' attack a solution of gelatin containing 0.5 per cent. HCl.
Besides these purely physiologic experiments, numerous references may
be found in literature which deal with the reaction of culture media upon
the morphology and general physiology of bacteria. Fuller ^^ reviewed
quite completely the literature of this subject which is treated in his pub-
lication. There is indicated a marked influence of media-reaction upon
pigment formation, and even upon the morphology, etc., of different
bacteria. According to Fuller's publication, moreover, all these investi-
> Kisch, B. Biochem. Zeitschr., 40, 152, 1912.
2 Jour. Prakt. Chem., 19, 433, 1879.
3 Zeitschr. Bakt., 11, 589, 1892.
* Ann. Inst. Pasteur, 11, 251, 1897.
6 Zeitschr. Hyg., 18, 128, 1894.
• Zeitschr. Hyg., 3, 418, 1888.
» Ebenda, 2, 1895.
8 Arb. kais. Gesundh. Amt., 13, III, 1897.
» Laboratory Reports, Roy. College Phys., Edinburgh, V, II.
'0 Centralbl. f. Bakt., Bd. 16, 176. 1906.
1' Jour. Amer. Pub. Health Assn., 1895, 20, 381.
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gations were based on the reaction of media which were adjusted by
either Schiiltz's^ or Fuller's^ scale, or the so-called "scale of reaction"
which will be discussed later. Considering these investigations in the
light of the physico-chemical methods of the present day, the influence
of the so-called "true acidity" or "true alkalinity" on bacteiial life is
not sufficiently known, because Kisch's method, as well as others which
will be presented in detail later, is not applicable.
Recently, with the development of a physico-chemical method, it has
become possible to measure the hydrogen ion concentration and also to
apply it in the field of biologic investigation. Of late, as already related,
several biochemists and biologists have employed the method in various
lines of work, such as hydrogen ion concentration in blood, urine, wine,
milk, water, etc' As yet, references on the direct bacteriological work
are comparatively rare. Beside Biiinn's investigation, * which was men-
tioned in the introduction, Michaelis and Marcola ^ investigated the acid
production by B. coli, and found that it produces lactic acid in alkaline
lactose nutrient broth until it reaches a hydrogen ion concentration desig-
nated as Ph = 5, when the action ceases. Clark's recent investigations'
concerning the reaction of bacteriologic culture media, by both old (titri-
metric) and new (hydrogen electrode) methods, will be discussed later,
together with the physiologic importance of hydrogen ion concentration.
Clark pointed out the fallacies of the titrimetric method, and noted the
advisability of substituting a colorimetric method. He experimented
also with several different enzymes, such as trypsin, maltase, urease and
others, and marked the approximate range of hydrogen ion concentration
and degree of their activity. Clark and Lub^ employed the hydrogen
electrode to determine the change in hydrogen ion concentrations in
various cultures of the colon-serogenes family, and established the corre-
lation between the gas ratio and hydrogen ion concentration in the culture
medium. They recommend the use of indicators, i.e., paranitrqphenol
or methyl red, for diffei entiation of bacteria of this family.
These investigations added some knowledge regarding the influence of
hydrogen ion concentration upon the bacterial life. This investigation
deals more comprehensively with the influence of hydrogen ion concentra-
tion on bacterial life, together with other matters.
The proteolytic activity of bacteria has attracted much attention from
bacteriologists. Many observations and experiments have been carried
out since gelatin has been used as a culture medium. In 1886 Bitter*
discovered that microorganisms subjected to a temperature higher than
thermal death point retain the ability to liquefy gelatin, although the
' Centralbl. f. Bakt., O, 1891, 10, 52.
' Jour. Amer. Pub. Health Assn., 1895, 20, 381.
' Michaelis, L. Die Wasserstoffionenkonzentration, 84, 1914, Berlin.
* Uber das Desinfectionsvermogen der Sauren. Diss., Berlin, 1913.
' Zeitschr. f. Immunitatsforschung, 1912, 14, 170.
• Jour, of Infect. Diseases, V. 17, No. 1, July, 1915, 160-173.
' Jour, of Infect. Diseases, V. 17, No. 1, July, 1915, 109-136.
« Archiv. f. Hygiene, Bd. 5, 1886.
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microorganisms themselves are killed. Hankin^ showed that an extract
made from Bad. anthracis contains an enzyme which is capable of forming
albumoses from fibrin. Sirotinin ^ has proved that certain bacteria pro-
duce exo-enzymes. Brunton and MacFadj^en^ found that the secretion
of certain enzjTnes by a particular bacterium is influenced by the con-
stituents of the media in which it is cultivated, and also that its activity
is governed by the acids and alkahs present. Wood ^ extracted enzymes
from the culture media in which several known bacteria were cultivated.
Thus far these workers have dealt with the proteolytic activity of bacteria
qualitatively, and have noted some of the operating influences. It was
Fermi who attempted to determine quantitatively the proteolysis caused
by different bacteria. He measured the amount and rapidity of gelatin
solution. Besides gelatin, Fermi' experimented with other protein sub-
stances, such as fibrin, egg albumin, coagulated serum-albumin, using the
enzymes secreted by various bacteria; but he found that the greatest
acti\aty in proteolysis is secured in gelatin. His investigation is not
tenable because room temperatures fluctuate widely and cannot furnish
exact conditions of growth. The influence of the liquefying of gelatin by
heat upon proteolysis must make the results variable. There is an opti-
mum temperature for proteolysis as well as for the growth of micro-
organisms; consequently, only definite temperatures can be used for its
study. Eijkmann* employed milk agar in the study of different micro-
organisms. The results obtained, however, were only approximate.
Later, Abderhalden and Koelker^ and others introduced the polariscope
to determine the degree of proteolysis ; but this method is not well adapted
to general work on account of turbidity of growth and the slight degree
of polarization. With the development of protein chemistry it became
possible to ascertain quantitatively the cleavage products. Rosenthal
and Patai ^ investigated the proteolytic activity of streptococci, staphylo-
cocci and the colon group by the formol titration method of Sorensen,
which is yet to be discussed.
QUESTIONS INVOLVED.
The problems involved in the proposed investigation are presented
diagrammaticaUy.
A brief explanation follows : —
The object of this investigation is to study the influence of hydrogea
ion concentration of media upon the proteolytic activity of B. subiilis.
After reviewing the previous literature it was necessary to consider the
following details of procedure:—
1 Green, R! Fermentation. Cambridge Nat. Science Manual, 1899.
* Proc. Roy. Soc, 46, 1889, 542.
» Archiv. f. Hygiene, V. 10, 1, 1890; V. 14, 1, 1892.
* Centralbl. f. Bakt., Abt. I, Bd. 29, U. 35.
« ZeitBchr. f. Physiol. Chem., Bd. 51, 294, 1907.
» Centralbl. f. Bakt. (Originale), Bd. 73, Heft 6, April, 1914, S. 406-412.
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1. Choice of methods to measure—
(a) the hydrogen ion concentration in the culture medium.
(6) the proteolytic activity quantitatively.
2. Choice of a proper medium, i.e., one which gives uniform results
biologically, chemicallj'' and physically.
Diagrammatical Representation
OF THE
Problems
JT, ide
Present investigation.
\l\8.T\p.
3. Preparation of media of different hydrogen ion concentrations so
that minimum, optimum and maximum hydrogen ion concentration may
be determined.
4. Acclimatization to secure organism of constant habit.
5. Inoculation of medium for uniformity of growth.
6. Test for vitality of the organism in media of different hydrogen ion
concentration.
7. Determination of the rate of growth.
8. Determination, from time to time, of hydrogen ion concentration.
9. Determination of the rate of proteolysis.
10. Determination of the kind of proteolysis, viz., peptic, ereptic,
tryptic-like.
11. Determination of the character of the enzyme, namely, endo- or
exo-enzyme.
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GENERAL METHODS OF PROCEDURE.
Choice op Methods.
Determination of the Hydrogen Ion Concentratio7i in Culture Media.
A theoretical discussion of "true reaction'' will be pertinent at this
stage.
"True Reaction" ("True Acidity," "True Alkalinity," "True Neutral-
ity"). ^— The "true acidity" of an acid solution is brought about by the
dissociated (hydrogen) ions; therefore the acidity is proportional to the
concentration of the dissociated hj^drogen ions, and not to the total gram
molecules of acid present. For example, if one-tenth normal hydrochloric
acid is taken, approximately only 91 per cent, of the total amount of acid
becomes dissociated. The " true acidity," i.e., the hydrogen ion concentra-
tion, of this solution is only 91 per cent, of the one-tenth normal hydro-
chloric acid, or ninety-one thousandths normal. The dissociation of
weak acid is still less. For instance, in a solution of one-tenth normal
acetic acid only 1^/io per cent, approximately of the total acid is dissociated,
and the hydrogen ion concentration of this solution is therefore thirteen
ten-thousandths normal. The " true acidity " of one-tenth normal hydro-
chloric acid is also about seventy times greater than that of one-tenth
normal acetic acid, although both solutions contain the same amount of
acid.
The same holds true with the electrically dissociated base in which the
metallic and h3^dioxyl ions are dissociated. The "true alkalinity" of
such a solution is not determined by the total amount of base present,
but exclusively by the concentration of dissociated hydrox}^ ions. For
example, in a one-tenth normal solution of the strong base, sodium hj^drox-
ide, about 84 per cent, of the total amount of the base is dissociated, and
in the case of a weak base, such as ammonium hydroxide, approximately
l4io per cent, of the total amount of the base. The " true alkalinity " of
these solutions, therefore, is eightj'-four thousandths normal and fourteen
thousandths normal, respectively. Thus, regarding the alkalinity as in
the case of acidity, we may say in conclusion that " true alkalinitj^ " of a
solution is proportional to the concentration of hydroxyl ions.
From the above discussion, "true neutrality" of a solution may be
stated as follows: it is a solution in which the same amount of H and OH
ions are present. For example, a "true neutral solution," viz., pure water,
contains as many hydrogen ions as hydroxyl ions. It can be expressed as
follows : —
+ -
H2O^ H -l-OH
in which Ch~^OH' ^ indicating the concentration.
Again, a solution may not necessarily be neutral, although it contains
equivalent quantities of acid and alkali. For example, if a solution which
1 Sorensen, S. P. L. Ergebnisse d. Physiologie, 12, 399, 1912.
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contains hydrochloric acid and sodium hydroxide is taken, it can be ex-
pressed in the following manner : —
+ - + - + -
H CI + Na OH =Na Cl+HOH
hydrochloric sodium hydroxide salt water
This solution is neutral only when it contains just as many hydrogen
as hydroxyl ions, or when both the acid and alkali are equally dissociated.
It is understood, therefore, that the "true acidity, alkahnity and neu-
trality" are not determined by the amount of such substances present,
but entirely by the H and OH ion concentration.
With the above facts in mind it becomes possible to enter upon a more
intelligent discussion of the methods involved. It has been stated pre-
viously that most bacteriologic experiments, having for their purpose
the study of reaction upon bacterial life, fall under the following pro-
cedures : —
(a) Kisch's method. ^
(b) Ordinary titration method.
(c) Colorimetric method.
It is well known that Kisch's method is a dilution method wherein a
certain number of gram molecules of an acid or alkali are diluted to a
definite quantity for the purpose of ascertaining the influence of the re-
action upon the life of bacteria. There are two distinct ways to apply
Kisch's method, namely: (a) immersing the bacteria in different dilutions
of acids or alkalis in pure water for different periods of time by means of
silk threads or any other convenient agents, and then testing their vitality;
or (6) adding a known percentage of acids or alkalis directly to the culture
medium (usually solution). In either case the results obtained by Kisch's
method indicate neither the influence of "true reaction" upon bacterial
life nor the influence of molecular concentration, because, as Lingelheim*
has shown, different acids of the same molecular concentration have
varying influence upon bacteria, and the degree of influence is parallel
to the dissociation constant of an acid or alkali. This is especially true
in the case of the second manner of application, (b), where adsorption is
caused by the culture medium.
The ordinary titration method is generally employed in adjusting
reaction of culture medium, and also to measure the amount of acid or
alkali produced in the course of physiologic tests. This method is inac-
curate in the study of physiologic Hquids containing more or less ampho-
teric substances and a comparatively small quantity of H or OH ions.
In other words, it is impossible to determine the " true reaction " in such a
liquid by this method. FuUer's ' and Schiiltz's * methods of adjusting the
scale of reaction of culture media are scientifically condemned by the
» Biochem. Zeitschr., 40, 152, 1912.
» Zeitschr. f. Hyg., 8, 201.
» Jour. Amer. Pub. Health Assn., 1895, 20, 381.
« Centralbl. f. Bakteriol., O, 1891, 10, 52.
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recent investigation of Clark, ^ who showed the fallacies of the titrimetric
method. Again, the adsorption phenomenon caused by the amphoteric
substance in the course of titration is well known, and, in the case of al-
bumin, is usually expressed in the following manner: —
•
+
In acid solution H. albumin. OH=H albumin+0H
+
In alkali solution H. albumin. OH =Albumin OH+H
The correctness of the above statement has been experimentally demon-
strated by Sorensen, ^ Clark ' and others.
In many cases the colorimetric method gives fairly accurate results,*
but it has been noted that the presence of neutral salts as well as ampho-
teric substances interfere with the determination. ^ It may, however, be
employed successfully if it is standardized for the particular liquid.^ Lately
Clark and Lub" employed the principle of the colorimetric method for
the differentiation of the colon-serogenes family, using suitable indicators.
They have based their experiment upon the wide divergence of the hydro-
gen ion concentration in a culture of one group and of the other, and dis-
tinguished this difference by means of paranitrophenol or methyl red.
The use of this method for phj^siologic work other than bacteriology has
been practiced by many. Sorensen and Palitzsch ^ determined the hydro-
gen ion concentration of sea water. Henderson and Palmer^ used it in
determining the acidity of urine to diagnose normal and abnormal con-
ditions. In any case, the colorimetric method should be standardized
previous to its use, by means of the hydrogen electrode.
Examining these methods critically in the light of physical chemistry
they are not satisfactory for the purpose of ascertaining the influence of
the so-called " true reaction " upon bacterial life. The hydrogen electrode
was devised to determine the hydrogen ion concentration, and it has been
used successfully in biologic fields. This method has been employed in
the present investigation, and its theoretical and practical discussion
follows.
Theory of H Ion Concentration.— The announcemenf of the theory of
electric dissociation by Svante An'henius, in 1887, marked a new era in
physical chemistry. It was F. Kohlrausch and A. Heydweiller who demon-
strated that even the purest water is a conductor of electricity, and accord-
ingly prepared a distilled water of the least specific conductance. They
measured the specific conductance by means of electric conductivity.
• Joiir. of Infect. Diseases, V. 17, No. 1, July, 1915, 109.
« Ergebnisse d. Physiologic, Bd. 12, 423, 1912.
' Jour, of Infect. Diseases, V. 17, No. 1, July, 1915, 109-136.
• Michaelis, L. Die WasserstofEonenkonzentration, 176, 1914.
' Michaelis, L., and P. Rona. Biochem. Zeitschr., 23, 61, 1909.
• Michaelis, L. Die WasserstofEonenkonzentration, 176, 1914.
' Jour, of Infect. Diseases, V. 17, No. 1, July, 1915, 160-173.
• Biochem. Zeitschr., 51, 307, 1913.
• Jour, of Biol. Chem.. V. 13, No. 4, Jan., 1913.
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Later, other metliods for the estimation of dissociation were estabUshed,
and the results obtained by Kohlrausch were confirmed. Now it is proved
that a very small portion of the water molecule is dissociated into two
electrically charged parts (or ions), as follows:—
+ -
H20:^H+0H
Its dissociation takes place according to the law of mass action in
accordance with the foUomng equation : —
(HKOH)
= K (1)(H2O) ^ '
in which K denotes the ionization constant; that is to say, the product of
the hydrogen and hydroxyl ion concentration, divided by the concentra-
tion of the undissociated water molecule, should be constant.
The concentration of water is generally constant. Therefore it may
be expressed as follows : —
(H) . (OH) =Kw (2)
in which Kw denoted K.HgO, or ionization constant of water.
Equation (2) is another form of equation (1).
Note. — (H) and (OH) express the concentration.
This ionization constant of water has been determined by several noted
physical chemists, and found to be 10"^^ at 22° C; that is,
(H) . (OH) =Kw or
Kw = 10-i^ (3)
Since pure water is a neutral solution it contains the same number of
dissociated hydrogen and hydroxyl ions. Therefore equation (3) can be
,
expressed as follows : —
lO-'XlO-' =10-14 (4)
That is, a pure water contains of each 10"^ dissociated hydrogen and
hydroxyl ions, or .0000001 gram ions per litre, which is, in a general term,
N
one ten-millionth normal The acidity, alkalinity and neutral-
10,000,000
ity, therefore, are expressed in terms of hydrogen ion concentration in
the following manner: —
Acid reaction (H)>-10-'
Alkaline reaction (H)-<10-'
Neutral reaction (H)=10-'
Note.— (X)=notation of the concentration of ions.
That is, in an acid solution there are more than gram mole-
10,000,000
cule of dissociated hydrogen; in an alkaline solution, less; and in a neutral
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solution, iust gram molecule. Thus the reaction is usually
10,000,000
expressed in terms of hydrogen ion concentration unless it is indicated
otherwise.
From the above discussions it is readily seen that if the ionization con-
stant is known, and the hydrogen ion concentration is determined ex-
peiimentally, then the hydroxyl ion concentration can be calculated.
The determmation of hydrogen ion concentration is accomplished by the
use of the gas cell, of which the principle is based upon the potential of
the chain. This chain, as described in phj^sical chemistry, consists of—
Hg-HgCl ! n/lO KCl I cone. KCl 1 solution ] Ft Hz
calomel electrode concentr. (unknown) platinum elec-
potassium trode saturated
chloride with hydrogen
in a dish. gas.
The potential of such a chain can be determined by the usual physical
method. Then the relation between the measurement of potential and
hydrogen ion concentration can be calculated by the following equation : —
p. P -0.3377Ph =
0.0577+0.0002 (t°-18°)
where —
Ph— the term adopted by S. P. L. Sorensen to express the exponent of gm. —
equivalent of hydrogen ions per liter. ^
P— the total E. M. F. of the chain. It can be determined by the following
equation, having the apparatus arranged as it is shown in the dia-
gram :—
P = —' • , in which Ri— the bridge reading for the chain against an accumu-
^ lator.
R — the bridge reading for the accumulator against the
normal element.
1.0189 — the voltage of the normal element at 18°C. (stand-
ard).
0.3377 2 — the sum of potential of calomel electrode (N/10 KCl) and hydrogen
electrode in a solution where the hydrogen concentration is normal
(H) = 1 or Ph = 0.
0.0577^— thermodjTiamical factor at 18° C. which is influenced by temperature,
0.0002 for each degree centigrade, or it changes as follows: —
0.0577+0.0002 (t°-18°), of which t° equals temperature at the
time of determination.
After Ph is determined it is necessary to understand the value of H ion
concentration, although the experimental results are generally expressed
in Ph. It will be shown at the end of an example, illustrating the appli-
cation of the formula as well.
1 Sorensen, S. P. L. Ergebnisse d. Physiologie, 12, 416, 417, 1912.
2 This will be explained further by an illustration on the following page.
3 Bjerrum. Ibid., 53, 428, 1905.
* \V. Nernst. Zeitschr. physik. Chem., 4, 129, 1889.
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Example.
t° = 19.2° C (constant during the experiment).
Ri =307.0 (constant reading on the bridge at five minute interval).
R =500.2 (as above).
E. M. F. of the normal element =1.0189.
Then the total E. M. F. of the chain can be calculated as follows: —
N.E. = normal element.
Ac. = accumulator.
X = the chain.
1000 = scale on bridge.
307.0
1000
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of paraffine for each piece of apparatus were placed. Thus it was possible
to obtain a perfect insulation.
In preparing the different parts of the apparatus extreme care should
be exercised to obtain an accurate result. The method for the preparation
of the normal element, calomel electrode, gas cell, and also calibration of
the biidge wire, ^ etc., is described in detail in Findlay's " Practical Phj^s-
^p pai-at us
In i3elcrminotion- oF
H •' ion Concentration.
Description of Diagram.
Li — Lippmann's capillarimeter.
L: — Tungsten lamp.
A — Accumulator.
N — Western normal element.
Si— Switch with quick short circuiting key.
S2— Three-way switch.
S3
C
K
G
B
• Two-way switch.
Calomel electrode.
Concentrated KCl cup.
Gas cell.
• Bridge.
P — Thick glass plate.
ical Chemistry." Every contact should be carefully made, so that accu-
rate readings can be obtained. It is worthy of mention that the diffusion
potential between n/10 KCl calomel electrode and the solution to be
tested is reduced by interposing the saturated solution of KCl as it is
indicated by K on the diagram. For the standardization of the electrode
it was first platinized with general precaution; then the hydrogen ion
concentration of the mixed solution (7 c. c. of m/15 EIH2PO4, 3 c. c. of
m/15 Nao HPO4) ^ was determined at different intervals. After the read-
ings became constant there was a difference of 0.0005 volts between the
theoretical data and the results obtained.
' The author is greatly indebted to Professor Thompson, department of physics, Amherst
College, for his kind advice.
» Sorensen's standard solutions.
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Methods for Quantitative Determination of Proteolysis.
Previous to the recent development of protein chemistry and methods
for the determination of cleavage products of proteins, the quantitative
determination of proteolysis was not successful. With Hlaswetz and
Habermann's ^ successful researches, and the investigations of Kossel and
Kutscher, ^ together with the remarkable findings of E. Fischei , ^ Abder-
halden, ^ Plimmer ^ and other recent workers, the chemical nature of pro-
teins began to assume more definite form. Then several methods for
determining cleavage products were advanced. Since the proteolysis is
mainly the hydrolytic splitting of proteins, the degree of proteolysis can
be followed quantitatively by determining the amount of the cleavage
products from time to time. It is most important for our purpose to find
a method which enables US' to determine the amino acids as a group,
because we naturally expect the amino acids as extended cleavage products.
Sorensen's formol titration method^ has been selected for this purpose.
This has been done only after reviewing Hausmann and Osborn's,^ as
well as Van Slyke's methods.* Sorensen's method has decided advan-
tages in ease of manipulation and accuracy when properly employed.
Theoretical Discussion oj Formol Titration. — The reaction taking place
between formaldehyde and amino acids, as well as its application to the
quantitative determination of amino acids, was first sho'wii bj' Hugo
Schiff. * The formaldehyde converts the radical
COOH COOH
=C< into =C<
NHo N . CH2
Neutral in Acid in
reaction reaction
For example : —
NH2 N . CH2
CH3 . CH< +HCOH = CH3 . CH< +H2O
COOH COOH
alanine neutral methylene- water
formaldehyde alanine .
That is, the addition of neutral formaldehyde to the practically neutral
solution of alanine, which can be titrated with the standardized alkaline
solution in accordance with the following equation : —
N . CHo N . CH2
CHs . CH< +KOH =CH3 . CH< +H2O
COOH COOK
That is, a simple neutralizing reaction.
' Ann. (Leipzig), 169, 150, 1873.
2 Zeit. Physiol. Chem., 22, 176, 1896-97; 25, 165, 1895.
' Untersuchungen iiber Aminosauren, Polypeptide und Proteins, Berlin, 1906.
« Abderhalden, E. Lehrbuch d. Physiologischen Chemie, Tail 1, 307-652, 1914.
' Plimmer, R. H. The Chemical Constituent of the Proteins, Monograph on Biochemistry.
^ Sorensen, S. P. L. Comptos Rendus 7me. Ire Livraison, 1907.
' Zeit. Physiol. Chem., 27, 95, 1899; 29, 136, 1900.
8 Proc. Soc. Exp. Biol, and Med., 7, 46, 1910; Berichte d. D. Chem. Ges., 43, 3170, 1910.
» Schiff, H. Ann. der Chemie, 310, 25, 1899; 319, 59 et 289, 1901; 325, 348, 1902.
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Schiff studied further to apply this reaction to the quantitative deter-
mination of amino acids, polj^peptides and other similar compounds.
His attempt was not wholly successful because he neglected to consider
all factors involved in the process. For instance, the amount of potassium
hj'droxide, water and other substances which are used in the titration
should be considered in order to obtain accurate results. This was shown
by Sorensen, who pointed out the reversibility of such a reaction as is
indicated below :—
CHs CII3
I I
CH.NH2+HCHO -> CHN.CHi+HsO
I I
COOH +KOH <r- COOK +H0O
He also found that the equilibrium of the system depends upon the
quantity of each of the chemicals present. For example, from the above
reaction it can be clearly seen that an increase of potassium hydroxide,
or, in other words, of hydroxyl ions, in the sj^stem would result in an action
similar to an increase of the formaldehyde. In order to control these
sources of error, Sorensen chose an indicator which turns with such a
high concentration of hydroxyl ions that the process could be finished
from left to right. He used phenolphthalein and titrated to a strong red
color with n/5 KOH. Thus he studied the method very carefully, and
succeeded in conducting it with such precision that he had only 0-5 per
cent, error when he observed certain conditions which will be enumerated
in an example to be cited soon.
Further, Sorensen extended the formol titration method to proteolysis,
and found that it can be depended upon for accurate quantitative deter-
minations. He based his principle upon the fact that proteolysis is mainly
the hydrolytic splitting of protein, and takes place by the addition oi a
water molecule. It is a differential method as illustrated below:—
X—Y =Z, where X is amount of amino acids present after proteolysis takes place;
Y, the same, before; Z the same produced by the proteolysis.
In order to carry out the determination, aU other acids in the liquid
should be eliminated; that is, the liquid must contain as many H ions as
OH ions at the beginning. If all these precautions are observed the amount
of alkali used in the titration after the addition of neutral formaldehyde
should be equal to the amount of the amino acid group present. After
finding X and Y, Z, or the index of degree of proteolysis, can be determined.
Example.
Preparation of Solutions and Reagtnts.
(a) 125 c. c. 4 per cent. Witte's peptone solution
75 c. c. 0.2 per cent, pancreatin solution } total volume, 250 c.
50 c. c. distilled water
(b) Standard acid solution: n/5 HCl is prepared by standardizing against sodium
oxalate which is obtained from the Bureau of Standards.
(c) Standard alkali solution: n/5 KOH is prepared by titrating against the above
standard acid.
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(d) Indicators: (1) Phenolphthalein— dissolve 0.5 gram of phenolphthalein in
500 c. c. alcohol and make it to a liter. (2) Litmus paper— a narrow strip
of Kahlbaum litmus paper.
(e) Reagents: (1) Neutral formaldehyde— 50 c. c. of 40 per cent, commercial
formaldehyde with 1 c. c. of the phenolphthalein is neutralized to rose color.
(2) Bismark-brown, tropseolin and 00 and methyl violet— these reagents
are prepared by dissolving 0.2 gram of the substance in one liter of water.
(/) Water; carbon dioxide and ammonia-free distilled water. This is prepared
with usual precautions.
(g) Test solution. This is prepared with equal portions of m/15 KH._,PO< and
m/15 Na,HPO^, and is perfectly neutral.
Determination.
I. Right after the preparation of solution (o) : —
Transfer 20 c. c. of the water (g) into a 50 c. c. flask and the same amount of the
solution (a) into another. Adjust the color of the water to the latter by adding about
2 drops of bismark-brown in this case, and use any one of the mixtures of tropseolin
and 00 or methyl violet to obtain a comparative coloration; neutralize it to
litmus, controlling the neutralization point by means of the test solution. Add
10 c. c. of the neutral formaldehyde. Titrate it to a dark red color with the stand-
ard alkali, and titrate it back to strong red color with the standard acids. Re-
cord the number of c. c. of standard acid and alkali used. Treat the flask with
the solution (a) in the same manner, except adjusting the coloration. After titrat-
ing it to dark red color titrate it back to its former color with (a).
Results.
Sample
Control (water), (peptone solution).
Number of c. c. used n/5NaOH 1.20 c. c. 3.35 c. c.
Number of c. c. used n/5 HCl LIO ^33
0.10 n/5 NaOH 3.02
.10 (control)
Since
2.92 n/5 naOH
1 c. c. n/5 NaOH =2.8 milligrams of amino nitrogen,
2.92 X2.8 =8.176 milligrams amino nitrogen in 20 c. c. of the solution. This
is designated as Y in the above equation.
II. After fifteen hours incubation at 40° C. :—
The rest of the solution (a) was placed in incubator at 40° C. right after 20 c. c.
had been taken out for the above determination, and was kept there for sixteen
hours. At the end of that period 20 c. c. of the solution was drawn out for titra-
tion, and treated in the same manner.
Results.
Control. Sample.
Number of c. c. NaOH 1.8 8.15
Number of c. c. HCl . 0.1 .10
1.7 n/5 NaOH 8.05
1.70 (control)
6.35 c. c. n/5 NaOH
6.35X2.8 = 17.780 milligrams of amino nitrogen. This is indicated as X.
X-Y=Z.
17.780—8.176= 9.604 milligrams of amino nitrogen was produced by proteolysis
during the sixteen hours' incubation.
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Thus, the proteolysis can be followed from time to time.
In applying this method in the present investigation it may be clearly
seen from the preceding discussions that the proteolysis can be followed
accurately by determining the difference between the amount of amino
acid present in the original culture medium and after the gi'owth of an
organism in it. It is, however, necessary to exercise special care in regard
to the presence of ammonia and carbon dioxide, produced in the course
of deamidation, which interferes with the determination. To avoid these
sources of error ammonia and carbon dioxide-free air was passed through
the media, which were made alkaline by the addition of n/1 NaOH pre-
vious to determination.
.
Preparation of Media.
Steps in Selection oj Medium.
Common experiences dictate that the properties of media are influenced
by constituents and technic of preparation. To obtain stable and com-
parable data is essential in these investigations from the standpoint of
biology, chemistry and physics because a very shght variation will fur-
nish unsatisfactory results. Several media were carefully tested.
Medium I.: —
,
1,000 grams chopped lean beef.
1,000 c. c. distilled water.
Medium II.: —
1 per cent. Liebig's meat extract.
1,000 c. c. distilled water.
Medium III.: —
1 per cent. Witte's peptone.
0.5 per cent. NaCl.
1,000 c. c. distilled water.
Medium IV. : —
] per cent. Liebig's meat extract.
1 per cent. Witte's peptone.
0.5 per cent. NaCl.
1,000 c. c. distilled water.
The method of preparation and testing is outlined below.
Medium I. — Five hundred grams of chopped lean beef were obtained
from a local meat market and immediately well mixed. Ten lots of 30
grams each were weighed out and each lot was transferred into a 250
cubic centimeter Erlenmeyer flask. These flasks were marked a, h, c, d,
^1 /> Qi h, I, j, k and I, and divided into groups, one a to J, inclusive, marked
A, and the other, g to I, inclusive, marked B. Group A was treated directly,
while group B was placed in an incubator at 37° C. for twenty-four hours.
After an addition of 300 cubic centimeters of distilled water to the former
the flasks were shaken for thirty minutes. At the end of this period the
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extract was prepared from flask a bj^ straining through two layers of
cheesecloth and filtering through Swedish filter paper. This extract will
be designated as "original' in Table I. The remaining flasks were placed
in a water bath at 40° C. and kept for forty minutes with frequent stirring.
Flask b was then removed, and the extract was prepared in the same man-
ner as the "original." Flasks c, d, e and / were brought to the boiling
point. Flask c was removed at the end of ten minutes, d at the end of
thirty minutes, e at the end of forty-five minutes and / at the end of sixty
minutes. Each extract was prepared after cai'eful counterweighing. The
foregoing extracts were used for further study. After twenty-four hours
incubation at 37° C. group B was treated identically as group A.
Medium II. — In this medium Liebig's meat extract was used instead
of fresh lean beef, and three separate lots were prepared, namelj^ A, B and
C. Lot A was prepared by taking 2 grams of Liebig's meat extract secured
from one jar; B, the same amount of the meat extract from a second jar;
and C, the same amount, from a third jar. The object of preparing lots
A, B and C in Medium II. was to measure any difference which might
exist among the containers of Liebig's meat extract. The preparation of
these lots from this point is identical. To each, 200 cubic centimeters of
distilled water were added and the whole shaken for thirty minutes. At
the end of this time, 30 cubic centuneters of the mixture were removed
from each flask. The rest was then immersed in the water bath at 40° C.
for forty-five minutes. Again 30 cubic centimeters of the mixture were
taken out from each. The remainder was then brought to the boiling
point and held for ten, forty-five and sixty minutes, 30 cubic centimeters
of the mixture being removed at the end of each period. After each oper-
ation the flask was carefully counterweighed.
Medium III. — In this medium two separate lots, namely, A and B,
were prepared. Ten grams of Witte's peptone obtained from each of two
different bottles were used, respectively, for lots A and B. By this means
it was hoped to note any difference existing in Witte's peptone taken from
different containers. The preparation of A and B from this point on is
identical. After 5 grams of NaCl had been added to each, a paste was
made with 50 cubic centimeters distilled water. The whole was then
made up to one liter. This was shaken for thirtj'' minutes and treated in
the same manner as Medium II., with these exceptions: 100 cubic centi-
meters were heated in an autoclave for thirty minutes under 15 pounds'
pressure; 300 cubic centimeters were subjected to fractional sterilization
for fifteen minutes on three successive days.
Medium IV. — In this medium three separate lots, namel}', A, B and
C, were made up at three different times from the same materials. These
different lots were prepared and treated alike, as follows : 10 grams Liebig's
meat extract were dissolved in 500 cubic centimeters distilled water. This
was thoroughly shaken for thirty minutes. At the same time, 10 grams of
Witte's peptone and 5 grams NaCl were mixed separately into a smooth
paste with 200 cubic centuneters distilled water, and the volume was
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made up to 500 cubic centimeters. This was shaken for thirty- minutes.
These two portions were then mixed thoroughly and treated in the same
manner as Medium III., with the following additional physical determi-
nations, namely, osmotic pressure, viscosity, surface tension and specific
conductance. Such determinations were made by taking samples after
subjecting the mixture to the autoclave. In addition to these, the total
nitrogen was determined by the Kjeldahl method. The results will be
given in Table I.
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Summary of Table I.
Medium I.
Lots A and B. — Table I. indicates an increase in both Ph and the amount of
the formol titrating nitrogen as the treatment continued. The decrease in the
hydrogen ion concentration may be due to the volatility of an organic acid, and
the increase of the formol titrating nitrogen is apparently caused by hydrolysis
in the course of treatment. These changes became constant after the media were
boiled for forty-five minutes or longer. On the other hand, there is a marked
difference between lots A and B from the standpoint of the hydrogen ion con-
centration and the amount of the formol titrating nitrogen; especially, the amount
of the formol titrating nitrogen in lot A is nmch greater than in lot B. This is
very interesting, because it indicates the possible existence of such variation in
the same lot of chopped lean beef.
Medium II.
Lots A, B and C. — The same changes occurred in each lot as in Medium I.,
namely, a decrease of hydrogen ion concentration and an increase of the formol
titrating nitrogen. The variations among the lots A, B and C were slight, how-
ever. This indicates that Liebig's meat extract from different jars gives fairly
uniform results.
Medium III.
Lots A and B. — The same changes were observed in this medium a? in Medium
II. It is also seen that the properties of the medium became almost constant
after it was autoclaved. Both lots A and B agree with each other very closelj^
Significantly the rate of increase of the formol titrating nitrogen is very marked
in this medium.
Medium IV.
Lots A, B and C. — The same phenomena were observed in this medium as in
the others. After their properties became uniform there was very slight varia-
tion among them.
Biologic Test of Medium IV.— After it was found that Medium IV. gave
uniform results chemically and physically, an approximate biologic test was
applied macroscopicaily in the following manner. Two test tubes for each lot
were prepared and filled with 10 cubic centimeters of the medium, respectively.
They were then sterilized. One test tube from each lot was kept for control, and
the other was inoculated with B. sublilis. They were placed in the incubator at
37° C, and an observation was made each day for six successive days.
Table II. — Growth of B. Si(btilis in Mediuvi IV
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So far as the macroscopical examination was concerned abundant and
uniform growth took place in each lot.
Medium IV., having satisfied the chemical, physical and biological
tests better than Medium 1., II. and III., and being in regular use in
microbiologic work, it appeared as suitable as anj^ for the investigation
under way.
Preparation oj Media of Different Hydrogen Ion Concentration..
In the previous experiment Medium IV. was found to be satisfactory
so far as it had been in\ estigated. It is now necessarj^ to adjust its reaction
by the addition of acid or alkali, so that a series of the medium of various
hydrogen ion concentrations, viz., Ph = 1 to 13, may be obtained. Only
thus can it be employed to accomplish the purpose of the proposed inves-
tigation.
It is not an easy task, however, to secure such a series of hydrogen ion
concentrations in such a medium, because the presence of amphoteric
substances and mechanical factors involved in the course of preparation
should be taken into consideration. First, to obtain the approximate
amount of acid or alkali to be added the colorimetric method was resorted
to.
The Colorimetric Method. ^ — On the one hand is the medium, on the
other the standard solution of known liA'-drogen ion concentration. An
organic dye that changes color with a variation in the amount of hydrogen
ion concentration is employed as an indicator. The indicator is added to
the standard solution, as well as the sample medium for comparison of
colors. An estimate of the hydrogen ion concentration is made possible
by this means.
Concretely: To ascertain the hj^drogen ion concentration, 5 drops of
methyl red^ were added to 10 cubic centimeters of Medium IV. A yellow-
ish green color was observed. Since methyl red gives this color in a solu-
tion in which hydrogen ion concentration is greater than Ph = 6, this
medium must contain more than Ph = 6. To make the determination more
exact, several standard solutions were prepared, and the colors produced
with the indicator were traced to identical shades alike in standard solution
and medium. Mixing m/15 KH2PO4 and m/15 Na2HP0 in various
proportions, as in the table below, the different hydrogen ion concentra-
tions ranging from Ph =6.24 to Ph= 7.35 were obtained.
1 Sorensen, S. P. L. Compt. rend, du Lab. de Cadsberg, 8, 1, 1909, 67.
2 Prepared according to S. P. L. Sorensen.
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Table III. — Standard Solution of Different Ph = {6.24~7.3o).
Number of Test Tube.
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Table IV. — Preparation of Different Ph= {2, 4, 8 and 10).
De-
sired
164 MASS. EXPERIMENT STATION BULLETIN 167.
Table V. — The Influence of Sterilization on Ph and the Formol Titrating
Nitrogen.
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These different constituents were sterilized separately before mixing.
The medium which was thus prepared maintains the figured Ph fairlj'
closely, and also the amount of formol titrating nitrogen becomes uniform,
as shown below.
Table VI. — Addition of Acid and Alkali to the Medium, and their Influence
upon the Formol Titrating Nitrogen.
Ph
desired.
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Table VII . — Final Preparation
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means of a platinum loop. This process of subinoculation was continued
from one flask to another every twenty-four hours, until the fifth flask
had been inoculated and incubated. From this flask a platinum loopful
of the culture was transferred into a dilution flask, which contained 500
cubic centimeters of the same medium. At the same time, three agar
plates were made by placing a loopful from the dilution into the first agar
tube, and from the first agar tube to the second, and from the second to
the third. After these plates had developed for forty-eight hours at 37° C,
one entire colony of a medium size was selected and transferred into the
sixth flask of the above series by means of a small platinum spatula. This
flask had been placed in the incubator for twenty-four hours at 37° C.
before using it for inoculation.
'
Inoculation of Media.
Each of a series of flasks (1 to 13), already prepared and containing
399 cubic centimeters of Medium IV. of various Ph, was inoculated with
1 cubic centimeter of the acclimatized culture. These flasks were then
placed in the incubator at 37° C. Waxed paper had been placed over the
cotton plug and bound by a rubber band for protection against evapora-
tion. Samples of 50 cubic centimeters for determinations were removed
from time to time by means of a sterilized pipette.
RESULTS.
Testing the Vitality of the Organism.
Hydrogen ion concentration has a decidedly inhibitory and lethal
influence upon microorganisms; accordingly, a crude test was introduced
to follow this. Streak cultures on an agar plate were made at each
determination of the hydrogen ion concentration.
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Table VIII. indicates that flasks 5, 6, 7 and 8 proved to be positive
from the beginning, while all others were negative, except flask 9, which
test gave negative results before forty-eight hours, then became positive.
This change may be attributed to inhibitory action.
Determination of the Rate of Growth.
It was found desirable to determine the rate of growth as well as the
different hydrogen ion concentrations. This was done by comparing
growth turbidit}^
Immediately after inoculation, 10 cubic centimeters of the contents of
each flask of the set 1 to 13 was transferred into a corresponding set ^ of
test tubes of uniform diameter. These test tubes were kept as the standard
by the addition of thymol, and protected from evaporation by means of
rubber stoppers. At each determination the same amount of a well-
mixed sample was transferred from each flask into another set of corre-
sponding test tubes, and the turbidity compared with the standard. The
results are here recorded.
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Determination of the Rate op Proteolysis.
The rate of proteolysis in media of different hydrogen ion concentration
stands as one of the most important phases of this investigation. The
method and also an example of such a determination has been treated
previously. The results will be given in terms of milligrams per 100 cubic
centimeters of the medium (Table X. and Graph 1).
Table X. — Following the Proteolytic Activity.
Number of Flask
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Grcuphic "Representation (/)
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Table X. and Graph 1 indicate the proteolytic activity of B. suhtilis
during two hundred and forty hours' incubation at 37° C. From these
results the following deductions may be made : —
1. The proteolysis occurred more or less in all the media including those
used as controls. This may be due to hydrolysis brought about by the
acid and alkali present, and also by the temperature of the incubator.
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2. The greatest activity was manifested in the medium of which the
original Ph was 5.42. In the same medium the rate of proteolysis increased
most remarkably after its Ph was changed to 6.99 or higher.
3. The least proteolytic activity was observed in flask 9, at the end of
two hundred and forty hours.
4. The formol titrating nitrogen increased slowly, especially in flasks
5 and 9, up to one hundred and forty-four hours, and then a rapid increase
took place. This slow increase at the beginning may be due to the inhibi-
tory reaction of the hydrogen ion concentrations upon the enzjnnes. After
there had been a sufficient amount of protective substance produced the
enzj''me assumed greater activity'.
5. It is probable that the enzyme which brought about the proteolysis
in the investigation is tryptic-like in its nature, according to the present
conception of the enzymatic classification. The greatest proteolysis took
place toward the optimum hydrogen ion concentration, which is Ph = 8.076
in this case. It has been shown that the optimum hydrogen ion concen-
tration for trypsin varies according to the temperature, the materials
used and other factors of environment. For instance, Pahtzsch and
Walbima * obtained the following results from their experiment, in which
they employed 0.4 per cent, trypsin solution and 6 per cent, gelatin
solution.
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Deteemination of Hydrogen Ion Concentration as Growth pro-
gressed.
For this purpose 20, of the 50 cubic centimeters of the medium which
had been pipetted out from each flask, were used. The results will be
given in terms of Ph.
Table XI.— Following the Change of Hydrogen Ion Concentration.
Number of Flask.
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Graphic Representation (2)
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Table XI. and Graph 2 indicate the following Ph in the media:—
1. Alteration of Ph in the media occurred within the limit of Ph 4 to
10 in the course of growth; that is,
Ph =4.82 changed to Pr =7.89
'
Ph =.'i.42 changed to Ph =8.19
Ph =6.42 changed to Ph =8.16 \ average Ph =8.076.
Ph =8.17 changed to Ph =8.13
Pii =9.4.3 changed to Pii =8.01 j
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On the other hand, in the media where no growth was observed Ph
remained practically constant.
2. Minimum Ph for B. subtilis Ues between 4 and 5.
3. Optimum Ph for B. subtilis hes between 7.5 and 8.5.
4. Maximum Ph for B. svhtilis hes between 9 and 10.
5. The alteration of Ph in the media occurred in such a way that dif-
ferent Ph's were brought toward the optimum Ph. This peculiar altera-
tion of Ph, or so-caUed "automatic adjustment," is very interesting
because it occurred in each of four similar experiments which came under
the author's observation. An explanation of this peculiar adjustment
remains to be discussed. It was thought by the author that this phenom-
enon is due to the production of ammonia present as an end-product of
proteolysis. This cannot be true, however, because Ph above the optimum
decreased rather than increased; for instance, Ph = 9.43 became Ph = 8.01.
Again, it cannot be due to the increased amount of amphoteric substance
which has resulted from the growth, because Ph= 8.17 changed only to
Ph = 8.13, while other Ph's were altered markedly, and also against theo-
retical expectation. It is pertinent to consider the presence of the so-
caUed "protective substance" in enzymatic work in connection with this
discussion. In enzymatic work it has been shown by Hudson and Paine ^
and others that cane sugar acts as a protective substance in the case of
invertin, especially in the destruction of the enzyme by ethyl alcohol.
Recently Chapman ^ demonstrated the relative action of propyl alcohol,
methyl acetate and methyl-ethyl ketone upon the invertin, with and
without sugar, bringing out strikingly the protective value of cane sugar.
It may not be erroneous to consider that in this investigation a protective
substance is present or produced in the medium, the action of wliich may
be analogous to that of cane sugar in the case of invertin; that is, the
hydrogen ion concentration in the medium is altered by some protective
substances bringing it to the optimum concentration for proteolytic
enzymatic activity.
Determination of Character of the Proteolysis, viz., Ereptic,
Peptic and Tryptic in Nature.
In the media consisting of different hydrogen ion concentrations,
namely Ph = 1 to Ph = 13, wliich have been described elsewhere, the
character of the proteolysis was determined according to the following
general principle : ' if the proteolysis occurs in the media measuring Ph = 7,
then it is suggested that this is ereptic
;
greater than Ph = 7, tryptic ; and
less than Ph = 7, peptic in nature.
' Jour. Amer. Chem. Soc, V. 32, 1910, 1353.
2 Internat. Zeitschrift f. Physik.-Chem. Biologie, Bd. I, Heft 5 u. 6, S. 293.
» Julius Wohlgemuth. Grundriss der Fermentmethoden, 1913, 135, 182; C. Oppenheimer.
Die Fermente u. Ihre Wirkungen, Bd. II, 1913, S. 617; Sven Palitzsch u. L. E. Walbum. Biochem.
Zeitschr., Bd. 47, Heft 1, S. 1-35.
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Deteeimination of the Endo- or Exo-enzymatic Nature of Enzymes.
Does B. subtilis produce endo- or exo-enzyme? To determine this the
following procedure was adopted: after B. subtilis was cultivated in
500 cubic centimeters of Medium IV. (Ph = 6.90), at 37° C. for 120 hours,
the contents were divided into two equal portions; namely, A and B.
Portion A was filtered through a Chamberland porcelain filter^ under
aseptic conditions, and the filtrate, together with portion B (in the original
condition), was placed in the incubator at 37° C. for forty-eight hours.
At the end of this period the filtrate was carefully examined both macro-
scopically and microscopically, in order to verify sterility. The filtrate
was then taken for inoculation. Three flasks were filled with 400 cubic
centimeters Medium IV. (Ph = 6.90). One of these was kept for control
and marked "control;" the second one was marked "1," and inoculated
with 1 cubic centimeter of the portion B; and the third was marked "2"
and inoculated with 1 cubic centimeter of the filtrate A. These flasks
were kept in the incubator and the determinations for Ph and formol
titrating nitrogen were made. The results are indicated on Table XII.
and represented in Graph 3.
Table XII.— Determination of Character of Enzyme.
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Grarhic T^CPrese-nfafion (3)
HYDEOGEN ION CONCENTRATION AND PROTEOLYSIS. 177
From these results it may be said that B. suhtilis produces endo-enzyme
and no exo-enzyme. The author may not, however, be justified in apply-
ing the term "enzyme" in this connection, because the proteolysis which
took place in flask 1 might have been brought about by any one of the
following agents : —
1. Enzyme.
2. Direct action of the living protoplasm.
3. Enzyme and the living protoplasm.
The distinction between these factors, in the light of present knowledge,
is not easily made, although the matter has been investigated by some
workers. For instance, Gotschhch^ would distinguish between the action
of enzyme and the li\'ing protoplasm as follows: "Fermentation is a
direct function of the living protoplasm, and serves as its source of energy,"
while "enzyme action is not directly dependent on the living protoplasm,
and does not serve the organism as a source of energy." In order to
demonstrate these statements there are several methods; for example, the
use of antiseptics which kill the causal organisms but do not measurably
impair the enzyme. Kaufmann^ has shown that very dilute enzymes are
nearly as susceptible to antiseptics as are bacteria. Thus it may be under-
stood that the distinction between these factors is not easily made. The
author has taken the liberty to designate these causal substances in this
investigation as enzymes, and has distinguished endo- and exo-enzymes
according to the method employed.
' Kolle u. Wassermann's Handbuch, V. 1, 104.
2 Zeit. Physiol. Chem., 1903 (39), 434.
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Part II
.
PROTEOLYSIS OF STREPTOCOCCUS ERYSIPE-
LATIS AND STREPTOCOCCUS LACTICUS
COMPARED UNDER DIFFERENT HYDROGEN
ION CONCENTRATION.
INTRODUCTION.
As intimated previously, the methods of proteolysis under different
hydrogen ion concentrations as described, might furnish a means for
assisting in differentiating closely related organisms. An application is
here attempted with Streptococcus erysipelatis and Streptococcus lacticus.
The significance of streptococci in market miUc, and the indiscriminate
practice of attributing many affhctions to them, have led to this choice
of organisms, for it involves the so-called virulent and avirulent strains
of streptococci. Heinemann^ and others have demonstrated that Strepto-
coccus lacticus is very closely related to Streptococcus pyogenes, not only
morphologically and culturally, but also in pathogenicity.
GENERAL METHODS OF PROCEDURE.
Okganisms employed in the Investigation.
(a) Streptococcus Erysipelatis (Streptococcus "E ").
Furnished by H. K. Mulford Company, Philadelphia. Virulent for
rabbit, Guaranty No. 172.
(6) Streptococcus Lacticus.
Isolated by the author from starter at this institution and found to be
avirulent for rabbit.
Medium.
Composition:—
500 gms. chopped lean beef - 1
1 per cent. Witte's peptone > per 1,000 c. c. of water.
0.5 per cent. NaCl J
1 Heinemann, P. G. Jour. Infect. Diseases, 4, No. 1, 89, Jan., 1907.
* Chopped lean beef, rather than Liebig's meat extract, was found to be favorable for this
investigation.
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First, 2,500 cubic centimeters double-strength bouillon of the above
composition was prepared as follows: 2,500 grams chopped lean beef
was placed in 2,500 cubic centimeters distilled water for twenty-four
hours at 15° C. (this infusion was strained through two layers of cheese-
cloth) ; 50 grams Witte's peptone and 25 grams NaCl were mixed together
in a smooth paste, with 500 cubic centimeters of the strained infusion.
Care must be exercised to leave no unbroken globular masses of peptone.
Add the peptone emulsion to the rest of the infusion and make up to the
required volume. Autoclave fifteen minutes under 15 pounds' pressure.
Adjust the reaction to very faint pink for phenolphthalein by the addition
of n/1 NaOH;^ then autoclave for forty-five minutes, and filter through
Swedish filter paper. Control the volume. Place 200 cubic centimeters
of the bouillon thus prepared into each of eleven Erlenmeyer flasks (500
cubic centimeters) and steriHze in the autoclave for thirty minutes. The
remaining portion may be employed to estimate the hydrogen ion con-
centration as previously described; that is, at first an approximate re-
action is determined by the colorimetric method, ^ then finally electrically.'
The following table indicates the various amount of n/1 NaOH or n/1
HCl and distilled water (sterilized) to be added separately * to obtain the
different hydrogen ion concentrations desired :—
Table I.— Preparation of Media.
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After the hydrogen ion concentration has been adjusted the flasks are
placed in an incubator at 37° C, for twenty-four hours, to estabUsh their
sterihty as well as to maintain the medium at this temperature. After this
period 1 cubic centimeter of a forty-eight-hour lactose broth culture of
each, Streptococcus erysipelatis and Streptococcus lacticus, was used to
inoculate Set 1 and Set 2, respectively. Observations of rate of growth,
hydrogen ion concentration and proteolysis were made at the various
intervals as indicated in tables.
Rate of Growth.
It seemed essential to determine the rate of growth in connection with
the other factors. This was done macroscopically, by taking a degree of
turbidity ^ as an indicator. The results are recorded in Table 2.
Table 2.— Rate of Growth.
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tions. Shxptococcus erysipelatis has existed in the medium of an animal
body of which the reaction of blood is approximately Ph = 7.56 or (H) =
2.75X10'^;^ on the other hand, Streptococcus lacticus existed previous to
the isolation in the starter of wliich the reaction is about Ph = 5 or
(h) = 1X10"^"^ Considering these facts with the results obtained, the
correlation between the degree of growth in the medium of different
hydrogen ion concentration and their previous surroundings is indicated.
Rate of Proteolysis.'
Table 3. — Proteolysis.
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From these results the following deductions may be made :—
A difference in the degree and also the rate of proteolj^sis between
Streptococcus erysipelatis and Streptococcus lacticus is shown.
Again, it seems to suggest a correlation between the proteolysis, also,
and the precedmg environmental factors as stated under "Rate of Growth."
Streptococcus erysipelatis existing in the animal body rich in body proteins
with only a slight amount of carbohydrate present and at 37° C, with
Streptococcus lacticus existing in a medium of abundant carbohydrates
as well as protein substances and at 20° C. or less, must be influenced by
their former habitats.
According to this stimulation, generally recognized by physiologists,
Streptococcus erysipelatis would naturally give rise to abundant proteo-
lytic enzymes, while Streptococcus lacticus would produce enzymes acting
on carbohydrate dactose). Such a case seems to be indicated in the
present work.
Determination of Hydrogen Ion Concentration as Growth pro-
gressed. ^
Table 4. — Pji in Media.
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SUMMARY AND CONCLUSIONS.
Part I.
1. The determination of "true reaction" in such a bacteriologic culture
medium as was used in the investigation can be made successfully by
means of the hydrogen electrode.
2. Sorensen's formol titration method gives very satisfactory results
in determining the rate of proteolysis.
3. Medium IV. seems very suitable for the determination of hydrogen
ion concentration and proteolysis in the case of B. subtilis. In order to
secure a fixed chemical and physical factor it is advisable to boil it for an
hour or place it in an autoclave for thirty minutes or longer, under 15
pounds' pressure.
4. The desired hydrogen ion concentration in the medium is obtained
by the aid of the colorimetric method, avoiding sterilization after the
addition of acid or alkali.
5. Ph = 9-43 seems to have an inhibitory action upon B. subtilis, whale"
Ph's below 4.18 and above 9.43 have a germicidal effect.
6. The minimum, optimum and maximum Ph for B. svbtilis are as
follows:—
Minimum, between Ph = 4 and Ph = 5.
Optimum, between Ph = 7.5 and Ph = 8.5.
Maximum, between Ph = 9 and Ph = 10.
7. An alteration of the hydrogen ion concentration in the medium by
B. subtilis occurred between Ph = 4.18 and Ph = 9.43.
8. B. subtilis produced a tryptic-like enzyme which is endo-ceUular.
From the foregoing summary the relation between the hydrogen ion
concentration in the medium and the proteolytic activity of B. subtilis
may be concluded as follows: certain hydrogen ion concentrations meas-
ure the exact influence both inhibitory and proliibitory, and indicate the
exact limits of the proteolytic activity of B. subtilis. Further, the hydrogen
ion concentrations of the medium converged toward the optimum as
proteolysis proceeded.
Part II.
1. Streptococcus erysipelatis, the virulent strain, multiplied much more
rapidly in the broth than Streptococcus lacticus, the nonvirulent strain.
2. A difference both in degree and rate of proteolysis is evident; Strepto-
coccus erysipelatis is much more active and vigorous than Streptococcus
lacticus.
3. The optimum hydrogen ion concentration for proteolysis differs,
as follows:—
Ph =7.62 or ( ri) =2.40 X 10"* for Streptococcus erysipelatis.
Ph =7.02 or ( h) =9.55 XIO" * for Streptococcus lacticus.
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4. Alteratipn of the hydrogen ion concentrations toward the optimum
occurred during the course of proteolysis.
These results for Streptococcus erysipelatis and Streptococcus lacticus
point to a very close relationship between the optimum hydrogen ion
concentration for proteolysis (in the bouillon) and the hydrogen ion con-
centration of their natural environmental conditions (blood and milk,
respectively).
So far as this investigation is concerned, the differentiation of Strepto-
coccus erysipelatis and Streptococcus lacticus, virulent and avirulent strepto-
cocci, through their proteolytic activity in conjunction with certain hy-
drogen ion concentration in culture medium, seems to be promising,
although further data are desired before its generalization may be realized.
In connection with tliis investigation, the author's gratitude is due to
Prof. S. P. L. Sorensen, Prof. A. Klocker, Dr. H. Jessen-Hansen and Dr.
Sven Pahtzsch, of the Carlsberg Laboratory, Copenhagen, Denmark; to
Prof. A. Hopkms of Amherst College; to Prof. J. S. Chamberlain and
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